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s tit: w&bm& x tm^tsesuze tx mixsmnm. 
«<7)±j\stf*tx?timfe<n]t¥mm&ziiLx^& z t 
i tmm 2 3 man i ^m<r>^m^za\ ^x . 

3 3 1 WE»<o**«^ fcJsv^T . 

m*<?>*>\rf. ^ix^tm^Mmzmt-tz^Mmn>^ 
i w*«4 3 mim i tiB«<o3fc^s^ kjsv vt , 

[ 5 3 flH&I 1 ~4 *>V vfitfr CEO*)*!** 

m«<D-t>ui)K tti^fmfe&mizfsttijmm&ij'? 
fcfifflsai»tiirr&i k swat-*- 

[ If * « 7 3 m&K 1 (cBSfcO^S^ CtJ i 

. ^ffiffiKJB tfc»S«ftt«SOTH t 2> i k fc i 

i@*o-te/W^ ^ii^tflJgigilStelEtfcffiSSr £> ->tz 

C SB** 9 ] 7 £ tz (± 8 (£ Eft4*ftj¥£?l=g 

WC, 

[ ff#JS 1 0 3 If 7 * fctt 8 Kf E»<03fc39R^ £ 

Ek. m&*#mtw!m8.mmttfE.wzm% 

I If 1 1 3 n$3 1 0 fcEttO* WFfcfc v * 



3tk i k wmt-rzyifrm?. 
[ n#s i 2 3 mm i o cEtt^e**^ t*j v * 

T, 

t>tifzXm%.&. UtisiKMmz X-oX KMtt hZblzX 

[ if** i 3 3 if** i~i2w v?*u&>eBtw»e 

®* <o-fe;P#-&7tW i L < li-<Kjtmz%fflZtiX v * 
imtm 1 4 3 W*Jf l 3 fcBttcoJK^X^Kisv^ 

t\ 

^l^ix^t* •y^f'btch X o IzWM'QiXX^Z) Z b SrWfS 

b-r&i/f&m?. 

i mxm 1 5 3 m$g i-i4w ^*»t=sa«<03t 

$ixTfcO. *a^7AkL-Cf"iffl-ri»^k* i T'#^C 
ima* 1 6 3 Bf5eo»*fl»«l2»S*ifc*WF-S' 

m&th^mxh-ox. 

b. 

M« co®M*Mzn ^X Zti¥timk&iJ£&t&tt& 

im^zwtemzzLm^&^wmfemmib , 

k, 

mm&u&f&mab , 

[ if 173 if 1 6 ciesj^^^sKt^r 
a - k *&®bi-&%&m?<o®m3jm. 
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nmm 1 8 ] m&m 1 6 ttM 1 7 izimcrft&m 

Sat. *^OT^^B^«i3J:W5fSffiffl*fc-5fc 
iWr*lfc:*jv vc*fWWStiBfc:t«t £3tm>t> <rto 

i tmm 1 9 ] mxm 1 8 K^«w6sr*?4>«je* 

U SSk#g (k= 1~K) <Dj±MO (k) 
^SftftofrofgflgSrAk, imzekbL, m^<r>it 
m&p t^mmcn^tmo (k> tnsmzrktL 

^^ffofcc0£§t1»it8S*I£ s Z ( k = ! ^ K ) (Ak 
/rk • cos ((9k±2srk/A) +i Ak/rk 
•sin(<9k+2»rrk/'A)) SrSff-gC <t otf 
<I t ^ »® t -T l»^S z F^3t*S. 

[ n^js 2 o i i6~i9 cr>^-rtifriz%m<r) 
mm-xmiz&^x . 

[ if 2 1 ] m?m i 6 — 1 9 <ov ^-manci e*^ 
mmumifza^T . 

■fe/wcg^gix Sit t -rs^^^jt* 

[f»*JS2 2 ] M#Jf 2 0 ifctt 2 1 IZMmnM&t} 

mizts^x. 

tym-t'wwmzftmztitzViiMh l< aa^mm-t 

#T*£n2tU !fe**^#5rAt LfcfcSJC, 
GflgP£7)S^$t,L<«ieigP^)^*$clmax 5:. dma 
x = A/ I n 1 - n 2 I £t£5gU 

*&fe<me\,zmttzmzi>L<i±m-£d*, m>n2 

cO*§-£Kti. d = A ■ <9/2 ( n 1 - n 2 ) nts:ht\% 
lCg-?Wt\ nl<n2^Clt d=dmax - A • 
d/2 (n2-nl) fj-flHcS^lvc . **l«t 

OW^tffrbft & X o tz Lti Z t Zft® b-f&ft^m? 

i tmm 2 3 1 m&m 2 0 & Jtti 2 1 tcisacosit* 



&MC?>S#t*£ n t L. ^ftft<Di!fc!l£ A t Lfc t # 
(:> 

tl< Jiflg&<7>&*® £ dmax £ . dma 
x =A/2 ntSJtU 

ftfeimeizfottzmzbKit&Zdi, d = x-e 
Dflgpt, l < a^cnm^mi.zii^xm^r ssttftt ± 

m$$M2 4 ] |g^JS2 0~2 3cr>^-fiXt^Zim<r> 

wmjrmz&^x. 

Vffcmmzfcttzwmt iximamcowmzjm 
u m^iinizmttim^hL<im^tLxmmbm 

c7)%a-fe;u^fflSLTfc#. m^comm^^. ztL$> 

mm^Mzmzmt hzt *®w. t-r&K^mmmm. 

1 tmm 2 5 ] it*Ji i6~24 <n>\ vfixti^zimpy 
wmxmz&^x. 

m^mzmttzti&mw%.<7)m t L<iimtm<D®ji. 
<assr#itLT. &&m-tMz^x%.mztitzm%Q. 
mzmtttothimmmmz'm.iztth z. t ^wm 
t -rs^^^sitsra. 
m^2 6 ) m^m 1 6—2 5<r>^~ftifrt,z=m<r> 
mm>mza\^x. 

^riBjfcM^S i t J: 0 , ZI^tc^ h 'J «y ^ x±tcie?ij 

mmim&mm^z^x . *»«±k. 

j£3&li5iJ£5S§i-r6 1 1 «fiie^»:7c-7 h y -/^x 
1 ^w-rt-rs C t (c J: <5^ff-Mffl(7)^-rSr 

sa l . m mntdtmm t m«o 1 1 affi&w 

fcPW-*E»«t:J6tT»«*-«i:» SmfB (m=l~ 

m# g izm m-t h w&MMznxmm- h t 
fir ? £ t ^^ms t -th x&mwwmxm. 
tooo n 

«L. ClilSrS^-rSit^tg^^^i^O 
[0002 J 
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-h*?mim±mi'-/u%b\ m«%ttmxwmztix 

OftiSfc LT»4, Oft, ■TOWlfctth.fc U— ^^^ffl 
HRic, *=S:iroTOKO»»tt. ffl&btiL 
mb£i>-otzWmcr>m®bLXmx.$>ZbtfX£ . *n 

WjiteAstimmzsm-tz zbttx* , zcommzm 
wit w&msm&xkiatttz t izx o . z<m 
tm^^-mmfcKtmmtctimzii-otzftt lx 
m&x-%h. 

[0003] zcoxoiz. v-^mczzm^tzytmb 

«Bi. #833fet coT^JSt LX LtP&toth £ fc 

(4. ftSi*o/7A (CGH : Computer Generated H 
ologram ) tm£tlX& 0 . 3yh°i-^SrfiJfflLT^ 

t^ttazKh. tztui. mmfo^zmwLLtzmu 
&<?>±z ziz£*)mmimL. ma^amxim^m 

•?X o «eE»5>a«\ 2**>iE»*a»fc«MiU 

-unmmizmmzsm i , t o --n<m mmizmz 
x o zseMtttfmmztix . 

[00 04] 

txfK<nt>tix^^»mb Lxm&Em-t 
zitmit. -mz, m &Ke>ffit ^n±mi&& z b &x 
ft¥M%jjmx9m?&c\btfxzhtiMz£m.®. 

WHS ^ b v * o * V ••/ V tfb h £> cr><7) „ MWfil: 
ZtHZttL. it&m*v7'7J*cr>~*&bLxm& 

himi* is^mmMmzmhzbtfxz&b^o^v 



[0005] Wi^K^Ei^^S: 
[0006] 

[StH£JW8rt-4jfc*>*>¥»] (1) *%BJO|gl<0® 

zm&l. ®«<r>*Mzm&<7>xmftZ5-£&b. m%. 
^MzimzixtzftfemWitikVftfeimizmtxxM 

iz. m«<r>*)\stf%ti?ix&fe<r>^tt)W&*tt& x 

0l,zLtll>cr>X'$)&. 

[ooo7] (2) *micom 2 nmmit. iMnrn 1 
<7>imiz&&%&m : ?izty^x , fla^^-fe;^. -e^-r 

[00083 o) ^f&mm 3 tf>®«ii . 1 
commiz^h^m^zts^x . m*<o-tJM>K *ti? 

[0009] (4) *SMB«0*4 «0®««is ±^0^ 1 

vtmtz&zx&mwz&^x . m«<n*)vifi. *ti? 
iift&mmizmt-ttsmm* t> itzwmffiftzm- 

[0010] (5) *^om 5 <0JB«Ji, i^^lS 1 

~H4 nmrnzfa hit^m^zts ^x. m« <o^)vt>K 
[ooii] (6) *mkr>m6commiz. ±i^s 1 

[ 0 o l 2 ] (7) 7 ajgtflUi, ±a!om 1 

tmimmzm i^mm* t o^ata * . »«{SHa we 

OTff 1.^ fc lei 9#J*3*ifcE0»** 
[0013] (8) *^<7)SI80««Ji:. ±.&<r>m 1 

timmmmizjsttiMmzh'ytimft*:. nm&mzm 

[0014] (9) *^BgoS| 9 . ±&cr>m 7 

t fzamscoBmzffi h%^m^za v , «<o-fe;p 
izs-i t>ntixmfttfz<n%siffiizx ^xmtth z t 

lz X *)Mlii^b tth X o iz Lfz i><?>Xh h . 

[0015] do) *%pmm i o<?)®««, ±&v> 
mi ttzimanmmiz&zft.^m^zis^x . 
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[ooi6] (id *mk?>m 1 1 commit. ±&<r)W. 

[ o o 1 7 j d2) *w%<r>M 1 2cr>m>mt. ±Mcr>m 
i o^mmzi&zx&mTizii^x . *ftmt&wmt 

Rltffilc i -o TRWf & - i: *= J: «5 ttffi*t J: o lz 

[0018] d3) *wj&w> 1 3^mmn. ±j&&f& 

1-311 icommzffi&ft^mTlz&^T . ffl«£>*A' 
£- &7E«t> L < l±r<JC7cWKS?1^4 J: 5 fc: Lfc fc<0 

[0019] (14) 1 4<0®««, ±^C03I 

1 3 oJBtttcfli & ft^SH^fc v vt\ fl * <r>*JW)W3i 

foWtf -y J: «#l*l<0t >y +tf*tL*Mft v^b 
& 6 J: 3 CU?iJ-r & J: o tc Lfc t> OT'& & . 
[00 20] (15) *?1B>10IS 1 5 _taw>» 
1 ~J& 1 4 <a««fc:tt*#3***fc:*}^T . «5g«>«j& 

ox* t>wim Ltztz lismkvum&ztih x o k . s 

[002 1 ] (16) *fMH<0* 1 6 OJttttli* FJftgcO^ 

(c#s*gnifc x vm%{mz%m^&mmmim$m 

lHr;U{^JE-r 6 fiBB-t;PCje«Siin:19S»IB*J XX/ 

n-r&mm-tMzx-ixw.zmx.&'trd x oizttz 

X'hh. 

[0022] (17) *%.Wcom 1 7<7)mW±. ±3&<r>& 

i ecriBmzffi&ft^mTngmjfmtzis^x. -fc/wjt 

3 i-ptL^t^T*>S. 



[0023] (18) *WRcr>'m 1 8<*>JBflNi. JbJfiOMB 
1 6£fcfiStil 7<0®«^S3fe^g^SBt*afcfc 

%<r>mmiimzii v ^ *ftftAttwc& »t 4 &^3fts*> 

[0024] (19) 3ts^i0m 1 9 OlRtttt . ±j&<Dm 

u,zm&*<m&ftz%^&K®v>&&m*&&L. w. 

k#B ( k = 1 ~K ) <7)^jIO ( k ) fr$>%&t>tL& 

tottxamm £ Ak, {ifflSr^kfct. m^<oft«jS p 

tmkm^cr>J^tmo (k) fc^gg«l$rrkt L^h# 

ffifecDR&&p{z&v&Kmcoj^m^com#yt 
n&stmmmm*: . 2 , k = t _ K > (Ak/rk • c 

os (<9k + 2nrk/A) + iAk/rk- sin 
(5k±2*rk/A) ) %hitmz± r>X$8b& X 0 
lzLtzl>cr>X'h&. 

[0025] (20) *%PM<7>m 2 o nmwi . ±J6<0SS 

1 6-311 90®«(c^43t^^0^jt^r&^*iV% 

fenmzfo trams* t Jtss^s: . ^ffiffltcjetJt 

[0026] (21) *^HBO^ 2 1 <0<K«l± , ±^C03? 
Wl-fe;K=a* 4 J;3(- L/ct><0"CS>S . 

[0027] (22) *micr)m2 2i0ffi««i. ±5E«03I 

2 0£*:{±fg2 lcO.««Wf S3t^^<7DS8Ji^tct5 

dmax =A/| n 1 - n 2 I KlfcJgU ^{4ffl<9t^JE 
tfc»$fe t<til«$dS-, nl>n2«7)^(Cti. d 
= A • <9/2 (nl-n2) xKt&itiHz&J^X . n 
Kn2(7)^l:ii, d = dmax - A • 6/2 ( n 2 - 
n 1 ) **4»Wfc*^V^T. filflfl«SL, Caa5t 

tfiffhixh £?lz Ltz h<r>X'h h . 
[0028] (23) *^£031 2 3 tf)«8H2: . Ji^com 
2 0 lfc*:t±H2 1 0®«t^43K^^<?)Kjt^EC« 

«*"f*»*<oa*f*S: nfc ftM^OiftASr A b t 
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i?lS£t>L<tiffi£dtr. d = A • e/Anntah^mz 

ttrtsamzi: otmi^s^mi. * o tz t 

[0029] (24) *mi<om 2 4 comma, i&com 
2 o~m2 3cDmmt,zi%&ft¥m?<omm3jmtfZii^ 
x. ftfemmzfotKmrnt Lxmmamrxrmmzs. 
«u &fe{iLmzfcttzmi>i<im$kixM®.b 
M'ocouzhLo.mzzyzmL. -^n-axbiio^a 
mcottom-tDuzmmLxtiZ . «*»flBBHr/i'*. -ft 

[0030] (25) #»UI«0»i2 5<0««tt, ±Sfi<OfB 
1 6 -HI 2 4 COmmzffi * ^»3t^«^*3 V % 

[003 1] (26) *%BJC0H2 6«>JBtt(*. ±iC«0S5 

x. tH-smfmiz&ux. ms.-kfr** 3 r ! }jtot3zv 

m&)]MZ&K& ZbizX*). h 'J y 

3fc}S?lJ££«-f & k fc i> fc. ~&7CV h »J 7 ^.Xft&l* 

U Mfflco^K^Ji: NUfco^-rk SrSfi^fifcKI 
■**K»IfcJ6£T*fJ63-fr. »m#a (m=l~M) 

gco?>\s-TI,Zj%m?&<im*MZCD&Z\mT&i>cr>t 

tx. &ftm£MwizMi&&9tmtmmc>)im?:fto 

[0032] 

[»HB<03WIW>»«] KIT. *IHJi£Bijrf 4»tHflII 

[0033] §i. *w%cr>m&ffiM. 
mx-bh. vmi o<7)if*®2:ie««f*:2o±tcie»-r 

U— -CjfBfcU oa>^fttt*k#SS^R 
k tci oTieiM(4:2 0±K^l£$il!» ; F#*«£f£«$-r 
£ i k fcfc h . ZZX\t. am&ft 2 0 ±tz X YJ^S^ 
£jg»U &8 ( x. y ) lCftS-r&ffiItfX'£P ( x. 
y ) fcJtB-Tftfcs -<^P (x, y) (cli. tftlO 
±<0#j&O ( 1 ) , O ( 2 ) . O ( k ) . ■», O 
( K ) *»feO«**Jtti:*SH3KR b^W^zi. zsim 

comwmmnm s *i 4 £ t t=$r * . i Ei§«f* 2 0 ±0 



S'J&£P (x' , y' ) Kfc. H«C, *jfta»60Ujflc 
ft k R k <r>^W- \zi.h i;mk<r>m®i&J$.mm £ 

tihDK ftenmsm&m* &p (x. y > ic 

B*3iT.SSHBauSkj<*P (x' . y' ) fcffi»3;h.4 

mmmt&m%&. zco^oiztx. i2ii$tt2o± 

izlt. «JI3&K#ffia*ie#l?iiS i k 0 , d<0»S 
SftK^C <k ->X . ftffcftOSIR k fiffl k #«8JSftT 
B£B#Wi, #B^RkP]-^*^H 
»UBteSr#f&3teR k |H]-;frfi ( t» L < Ji. f£ii«* 2 

"3. **1 0<O£ttS£«#t#£>ft.£>. 

[0034] *WSr*ttlcJ: 0 . EiifiE«£2 0±lcT 

»«*8E»-r*ttt, i£iM*2 o k u-caattttm* 
mm z biz**)* =F#mt!e»mi2 o±.v>mm? 
-vb Lximzti&zbt,z%h. -J,. IHW«*d^ 

*ur o j we»bbs«c2 o 

»il 0fcJ;l>'IEiliE2 OSrSISL. ftMUl 0 
iKIHRWjSOKSO ( 1 ) , O ( 2 ) , O ( k ) . 
O (K) fcjaWfi. LT. «-^M^OV^T. 

a-r^. ie^B2o±tc. 0>$ccr>{tm&p (x, 

y) ^^«L. ffl«<0««^<ofi[«Jc»Birt-61WM£k 
#BS3fek£7)^^Si|i^JKS:«WcJ;o-C** , ).&. C 
ieiiB2 0±W±. jRJ(fcJ:oT««SIME** 

S^k^TtS. 

[0035] t>-?kt>. th»«i*D^7Ac7)^S:fflV^ 

ix«±\ &-rLhm®£R*m^x : f&mbLximt:ft 

ffi2 0(cBSlBlli-rSClki,^rtgT'S>l». * 
^&ISIi«f*2 0±^. «Jtttofi»S^-3ei*iaK*»t-J 
tf*fe*v». Zcotitb, #o^€rfiJfflLT^i£^k^a 

y^jxco^mzmm-mii. tmm2o±.i,z&&fhb 
*wa<o«<ott!B*, »fe*»fci*iai*»ji:S-emss!-f 
&zbtfxz. zti£Mmct&zbtfxz&. mmtti 
ix. m&n&mmz a if h imm 2 0 ±<o*ft«^tt 
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[ 0 0 3 6 3 . tzbUi » H20»HHtejj«*- J; 5 
jS3teSBOfcSB»B2 0t*«^IS*LTV^*&fc:. 

e«® 20 inswap (x. y) izmmttzVitftftn 

Acos# + i Asinfi 
$r4«*nRt3&2R$ii4 ( i . ^t. 

Sr. ±E«*W»Tjamtff , ft«jftP ( x, y ) <n 

A/r>cos (i? + 2)rr/A)+ i A/r • s 

1 n (# + 27rr/A) 

?lj£P (x, y) fctf)BB5tTJ> , 9. AttttfkJteWttST- 

£ w«sra&a± . ttig i m-tm&wx x \ \&\ . 

[0037] HrfttRl 0<?Dffi?gSrieS®2 0±(C 

fMRl 0±te*»OjiSBHiO ( 1 ) , O { 2) . -. O 
(k) , -, O (K) ££«U E»flH2 0±«)#ttS 

■OA*«jWIMI$*i. *k#B*>jSBe«0 ( k ) 
Ak cosSk + i Ak s i nSk 

14. Sf&53fc$iO ( k ) <Offiatc#ffif-4H3IW)»PI«[ 
fc*tJ6L"tje*>S>ft4. GMB<?kJi, HRttttt, <9k 

ztzt>. imffi2o±.(D&m<7>itm.&p (x, y > oft 

2 k = i~K (Ak/rk c o s (6>k + 2 r 
k/A ) + i Ak/rk s i n ( 6 k + 2 jt r k/ 
A) ) 

%hmm&x*m.Wiixz,c\tiz%h. zzx\ rk«± 
m^ms^jtmo (k> tftst^p (x. y) tos§ 



2 k=i~K (Ak/rk cos(<9k-2^r 
k/A)+i Ak/rk s i n ( 6 k - 2 ?r r k/ 
A) ) 

^ k=i~K (Ak/rk cos (^k±2rr 
k/A)+i Ak/rk s i n ( 6> k± 2 tt r k/ 
A) ) 

LT. Rxy+i Ixy^S»l:tmi <I <?>&j£j££) 

ft^p (x, y) n&wiztmmmmm azm% 

iJ(t^J^^QT-^$ii-2.c:i:(c^^. ISA. ft»jSP 
(x, y) (C«(t&ft»^ffi%Ofii|fii. H4fcipr*- 

ffilPFffitc*Jft*fflWtOi:«iWiQk<oeBlA (x. 

y) X'5-lbtl. b/UOQtm&.mk<7)%-r 

(x, y ) X'5-tt>tlhZ.tl,Ztc&. 
[ 0 0 3 8 ] 2K LT . ieHiffi2 0±fc£«S*ufcffiB 

^t*jftp (x, y ) &mzt$tf&vafcft£fmcr>w.m 

A (x, y) fc{£ffl6> (x, y) ttK ttJHCfcoT* 
ibt>ti&Zbiz%&. U^^t, IEHB2 0±fcU:. 
ttttttl 0^fe»*Siit**3e«aBHgfi*fli (ft* 

^»6ftfc**S«tt»»i£» M&*^Tft3W2rf2® 

«E*-hfcE«u mmwmzmwftz^iLtitztz. ft 

ftftnWmfr'm'kZti&Jiolz-ftiti. ftfM&l 0$:* 
[0039] 21=18568^4, 2 0 JtlcftrfWa 1 0 

t txtm-thui. <$wiottmzi?T*.tf^\ 4 

■f, tkill 05(c*-rJ:3tc. IEIi®2 0<7)(5S 
C . E.<X7t®M-til>M& 3 0 £5g*-t •?» . Z (OESd^M 
M*;UM& 3 011 m&mZ i> -otz^u -y 

■fz/^mmiz^^ zt^zxK). -t)u$z.&7tmzEm 
moi&x-fr&fr^^K zzx-ii. -tti-mm C9tw& 

1 OfcriartHv&ofcflB) o+4l»jScfflaifc:SB[-«r;K0ft« 

-g-3 0<7)mftB (!t*i«5»l 0lci6i*»v>^-57tffi) 1;xyj^ 
tI&£S6itU £«0ifilBRfc*J*t4ffi« (x. y)t0{4 
Mtc^Sf^^P (x, y) £t-?<RS-fe;l^ (Rffi-fe 

(x, y) fcPf^ikK-fittf. Z.<Mm*zlVC 
( x , y ) C7)|?®C7)4"C^^^^P ( x , y)tf<h 
Ztlztch. 

[0040] ftfr® i o zgjmn&iat txm 
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aso ( 1 ) . O ( 2 ) . -, O ( k ) , -. O ( K ) <T> 

*u ft«iSP (x, y) fcii, ztikWtil&y&iltXifi 
ti&iz x •? mn-t hzttfix*. @4 tc jjrraBR&aw 

HT, ffiflSA (x. y) kftffltf (x, y) rt^ix* 
.1 t HWUzW^tz bii^X'hh. ZZXIi. it&&P 
( x , y ) vtflteflfcSffiA ( x , y ) *> J:t>*{2 
ffi<9(x, y) SKftSjSiP (x, y) **triR« 
-fc/PC (x, y) fcOVvCOTttJgSHA (x. y ) 

r/ftfeime (x, y) fctq^tc-rs. 

[004 1] £U:0>¥WUU Hl^WiriybV-^Srffl 
i: 4. %ZX\ Ztlt>m«<7>fiite-*: 

z%n,x^&>£mtfh&. 

[0042] CtfOj; 9=a:W3e<Wt%6W«ftt* t> r>fc*JI 

a t m *> ofcHftaeFiBR ) tiwth. 

[0043] §2. 1S!ia-fe;KO*flsW=5r««. 
•te/t-C (x. y) fcOVVf, fgfgA (x, y) *3«tt>'{i 

(x. y) mmztix^tctL. zco^Mzmm 



Ain, fiffl^in^i,A»*Lin7tp'4-i.^il^^-^{i:. 
SilgAout = Ain • A (x, y) „ firffi^out =9in± 
6 (x, y) SrSSftii^Lout :W*fc*l.4J:3tc-«tfr 
<kVA. A»#<0S«AlnU:» •fe;HCf2^SfLT^3t#^ 
S4BA ( x , y ) te i 4SWS:»rc«lAout fcSffc 

HS0 (x, y) (Cj:4SSW£»rtGHfl<?out WWfct 

[0044] Z<J5c-fe;H^fct3V»fffi<i$:^Pt-S— O 

«(BJM»*fco«:-fe;W4. A (x. y)=Z/100 
Ain$-t-5^ASt5fe*^^-fe^5rffli.i:> Aout =Ain 

■ z/i o osrssMfcfcofcWffiftfcsiffiareii* 

[00451 =iJS£-fe/i'rtfc:l3V^fi«*«IW-*8!l* 

urna. ^juftizftfemmizftttzummzii'itemffi 

%«OS©3gpgPSi>o7t-fe/W4. A (x. y) =Z/1 

ffiliAin^ t, o tzAtt^z cr>Mfa$mmx%M LX$i 
tULfzt-tiUS. Aout =Ain- Z/l 0 0^.&S1S$: 

Tt-b/UcoRmmmMcomzmM^-hUt. tzttli. 

■tjumz^mm^mMLxm (z<r>%mm&wmm 

Bbtxmm-ZZ tlz%Z>) , d^R&tBWRIt^Sr 
[0046] H»:7C-feyH*l^*3V , '-rffi4i5:^P|-ri»IEt 

tz%mmu*WLVx&<->mx'*>h. titta. 

ytn^XttMi&nwmZlOOXtLfzkZlz. Z<F>o 

frt>m&m<m<kizGi!!}%miiiXtf&t>tii> x o %mm 

*»<5>=Sr6««aai»S:fcofc-t;Hi> A (x. y ) =Z 

/i o o%&mfem%mmztix^z>*nuk txmm 
mmz AW?t lt t . a ^ z %<wn-rti s mm: 

tLXitiXft<ZtlZ%&COX\ Aout =Ain- 

z/ 1 o o m&z i> r>tztt&fflzimg.mzti*:z 
tiztch. znxoKmfcrtmm&z^'itimjmft 
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[0047] -^r, E&jt-tJWz&^xffiaz&fflt 
^tz^.mmmm^xa<ifAX'hh (^>v±w^ 
m®zmi-&£5i l zLxi>j;^) . tztz.\f. mmm* 

n l cDtt®frt>%&&m%m&£ hittlVb . J9#f4K 
# n 2 <0*m*» 4> «r 6 Wmm& £ t -> fc-fe^ k T« . 

{affl£H#£t -s. Ltztfix. mvrmcom 
Mztt Lx&n<7)$Lmmzmtz t fFrntz** . 

[0048] =fc7frfc/Urtfc;fcVvcffiffi£S»1-sa!Kr 

EHtf«j&»fc$:4fiHaS3W&* ->tz^)VX'h->X i> . 

Alt**** T t . itl^{4fflCH*^ t £ 

MmWfflgWL , IS 2 OHr/W=K»t ^*utt4ffl3fiS8W» 
«©Jl£B«* f 2LT-*oA:k-rii:. RM£fflS:fcr>fcA 
MfttfS-t tytitz tLXh. mi co-tiUfr^nttiiiftlz 
Jt^T, ?&2<7>fe^#^<OStaiftl±, Sff^nSrto^ 
W^4> ^ ittX.^'iiESt^ 2 fiK4SW. **uW* S Sr 

wcbwh-*. 

[ 0 0 4 9 3 d co J: ? iz. tt£iRffi££^< MEMS 
-*I&X'b 9, IIUVK oj&*0SS3EWr8i*J J: tfffi 

o , *muz&&%&m : i i z$m-tz - & . ^ 
®mmnmbLx. -^vrnz^msizmttzmmm 

iMSRttizsmtiz tiizx ^ 

#T & * . - *>«*>8M«i»H a . aifttJiffiffl e izM 

iZfm$>tlX^&. 

[0 0 5 0] ZZX\ fflfcAtf ro — 2 5%j fcfcfl&f 

tuy^zm^ixti-k/u (m.<r>mim&<r>-tiv) it. it 
mmm^z^MfAt-h^^ivx-h o , ««ia*< 



r 2 5-5 0%j £#Jt?*£Uyj'*fc»jWtfc-fert' 

com2&mwv) a. m^tf j $*?igi\m®fr$>%:& 

JzlVX-b*). SKA** r 50 -75%j K*fJfci-|> U:x 
i/fcaWoJtifc-feA- (*<7)liS3?ljacD-fe/l') Ji. iSHW 
^i*^tt«a>£&&*/P"t'£> , 9 . Sffi AjP r 7 5—1 

oo%j tcMJC-rsw^^c^ix^-b^ (m<7>m4m 

mnmv) it, m&mwmizm^ftm* )VX' 
— ro-7r/2j fcSftiS-rsuy^' 

n2$•t'?*^^*^=5^-l>•fe;^•C^> , ). {4ffl<9* J r ^~3 

ar/2 j iC^-rai^Vv-'tCffi^Tt-fe^ (^COSg3ff 

IV) it. ffi»J:9^«K*#V^«W*n4SrfcOlimA> 

[005 1 ] i<0J:3C H7tcw^-W"C«. 4M0co 
iW, 43i l 9«®*f*S:i>o/;-^fH 6ffl<0-fe7U#ffl 

izit . ffi coiKgl-fe #i*:«rSaB«* «fc 

v\ 

[ 0 0 5 2 ] § 3 . »a-b;K»«tfflWsflrfll* . 

m=a!^J:3ic. *muzm^&®m*tvit. ntm 
mts xvmfeimizm ixAmyt*$m?hm&* t> -> 
t^/vx-hixit. bcoxo ^ffifcx-mm i/c t *»* 

ifimztiT^i*. zcvtioiz, mmmizit. m^^im 

x'$>&bitwt&\ *mnz®z%&m?zm^x. 
M*<nE.&K*>v<n^m*hhumzTizfflmit&& * 

tt^rv^ (^cisWca-aTv -b/^^'l 0 0>umJiLlllC 

mtmzm^\-thfmifiii!^iztc Y ) . L*^t, 
®{c{±. i6m r )<r>^)Vff)o%(r)^f^j7>^)V^mth 
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[0053] *ni%ft#tt. i mmm-tMzmmt®. 
ft. 

[0054] H8{±, ^ftwizmm-t&mzmmt^i 
^ftwu^c (x. y) coffi&o-mz^-tmwm 
x-fo ft . m^<o t a o » z <oE39ssmm^Mi .mm. 

(x, y ) jwassfvo**. i<o»rctt. wur/pc 

(x. y) OTf-fttt, HfcfcVVT:. C1=0. 6Aim, 
C2 = 0. 25x<m, C3 = 0. 2 5 mfj> 0 » ?»G 

(x, y) CO-^mii. G1 = 0. 2 J um > G2 = 0. 0 
5//m, G3 = C3 = 0. 2 5Atmtl>S. 

flKt^fcofctta-fe^c (x, y> srfflv^i'. mm<r> 

flWRU. *G ( x , y ) c0fit*(6jc0lBG 1 Offifc LTIB 
tW4ifc*<T*» ffifflOtiWBi. MG (x, y) <7)$! 
?G2 <Dffifc LT»Tft £ ft . 

2 *irr hmm^Mz x zmzmz-tftrfrtiz z t csr 
ft. 

[0055] .rcoiiskrsvr^g^Mc&ivt, mia^ 

If $8* J ?SG ( x , y ) C0IG 1 b LXtSMtZtl* fiffi<?> 

flHUAWG ( x . y ) corns G2t iximzti&w& 

Jl-te^C ( x , y ) **Jffi#r* n 2 Sr t> o £MI#^fl§J£ 
^ixTfcO, ;<0Wl-b;kC (x, y) OftttMBtf* 

hhOb-fh. ZcobZ. MG (x, y) <0|*lS$e7)®S 
1 KSBKAStLfc#L 1 i; . »G ( x , y ) coft&co 
BS2teSii:fc:AltU!:#L2i:fcoVvc. «*f*n2 

co^fr^ffi^ftmti&Jtts-tft t , *l 1 com, 

*L2^8&*J: , 3i>. i*G <x. y) com 

ZG2co#tzim<%&ztffi)frz,. Ltztf^x. m 

Pnl, n2##Sro"OvhJfs Wl-fc/kC (x. 
y) *^Sii3tet LTSttiiSitftftLl i:3EL2fc<7)H 
fct± , )X£«>ffiffilt0<£ t ft i t fc«r 4 . 
[00 56] — 3j\ 01 0ii % ym*.)VC (x, y ) *> 

£>ft. zcomX'li. Wi-fc/UC (x, y) co±m. 

ms lt5£XfS2&fc8tmb%'>X&'9. ffiG 
( x , y ) OrtSPWffi S 1 CI2BHI: Aft Lfcft L 1 
t.iG(x, y) <WS&<7)®S2K(5<irgitKAa*L 

fc* l 2 fc a*. -en-m&stciJtarfiiS lx mm 
-nzttz**. zcobz. xmaxx/^M<^mmiz^ 



L2C9ftSyU:'9k. ifG (x, y ) <D^£G2<02fg 
fcffia-rS4Wttft< &ft Zbtfhfrh. L1zifi~>X. 
Wl-feyPC (x, y ) frt>%M%t LTW{iJS*t4*L 

ft. 

[0057] dOi 3 %S-fe;UC ( x , y ) #jg£ 
ffitfHr/U-CA-o-Ck. RatffitfHr^-C&oTt. ?SG 
(x, y) 09FW)1BSl(C7JtL^5eLl fc. «G 
( x , y ) <0*f-gp<0M S 2 dAtt Lfc3fcL 2 b cOtMlZ 

G(x, y ) <7> ; &1ZG2\,ZfcK,Xifc$.hZblZtf:h. * 
ZX\ Wm^lVC (x, y) <T)±M\iZ?Jftl,Kl±<r)o 
*>, »G ( x, y ) cOrtSEcOES l^A^CS^V^ 

T»4»*i*ataj*o**» wm\ o<vmnz3m%m 

ftftbLXJ8.*)mdZblz-?tilf (MWrtitf. M9Z 

waiftLm, znmm-tivc (x. y > tcfcv^x. « 

G (x, y) «0«SG2fc»J6Ufc1*5gftffiteJ:Sffl« 

ssw^gtt^^t^ft. *»< it, ft*3t<o-(ifflwtf 

Wi. lG(x, y) <0SESG2fcl.TIE*-*-S£i:* f 
f^ft. 

[0 0 58] 4fc, ±a>^J;3tC. jKG (x. y) <0rt 
SBcOffiS 1 ^ASmc£^T#^flftStai3fcD^ 

iCtillf, «J*3e<^)Sa»0fli«*. ?fG (x, y ) CO 
«G1 tLTlE^-rft^k^'T'^ft. ^-tf^r<i. «G 
( x , y ) coiHG 1 **A£ <=5rixtf^ft(5t\ *G 
( x , y ) coftUcDWS 1 <7>E»i*# <^r 0 , fetttt 
1 0 c7)S^^*5& 3 5r*ttiJ*^i'J-&*' ; tii ft ft . 

•T^*>. H94^(iHl 0fc:3rr»aj*L2fc:ti. M 
<?>»*<o* ft {4ffl^*i#^^t: v v ^s«> . s^tc 
»SfiKIK:tJV^-Ci<i4>»aJ3tL 2i)mMZti*zb LX 
V^t^ft^N' y^^^^^HiOy-f b LX WM 

zti&rmx'fo*). mM<nib&&*n>$L-rz>?mti:±b 

LXltUmZti^Zblztch. ZtHzMt. Stai3KL 
Hzii. MM<?>h&&.mf&ft-t) i -&&tLX^hfi:tb. «0 

m$Lizim%m^ b Lxwimztiz z t tc^ft . e 

»G ( x , y ) COUG 1 tt. SK^a-fe^C ( x . 
y ) j&»&»*3*t6*<03 LTS«!)$ix 

[0059] t^tt. -WKIi, »0tit$8<i» » 
G ( x, y ) <0l5G 1 (CioT«a$ilTV»ft*)tfC{i 
^r<,>lG(x, y ) <F>n&<r>ms 1 cJOffiStCioT^ 
,^$ixftCi:(^ft. 0 8 iZTfi-tmsmf&coiireUt . tz 
£tl£. MG (x, y ) WWff^^-ffiGS*^ «flW 

c (x. y) <7)mft%^rmc3izmzmL<%&£oiz 

SSLT^fcfctf). »G (x, y ) WrtggcOffiS 1C0M 



g(x, y) (7)mtfz-tmG3ii&i t ti>— 

»G(x. y) OftSB<0fflS l<Dffi«l;:Al)x-v-H^ 
£ t £-ttft <k 3 lc LT i> *>&v\ 

C0060] dcoiotc;, ^uviytcoym-t^nim 

SI £. WJgffifflteiBtfcSS (08 

O-tffiG 2 KfflS-TS»S ) t«l 0T»f ft ClkKJ: 
0, DflSM^G (x, y) ) fcJBdW-fc.kdlC-WUr. 

ffiztt LT . W3M(=J6 1 fcfMEKM& J:tfl«£tiHB 

*>. 08K^m/O.y?t;:fcl,vC. ^mG2£n.<D 
mizl&fc L. v»tf>tt*> 0 fcSSe*£#j*-r ft J: a LT 

**t-#. t sit* it**-?**, wm-tti 

£0J: o &fl§jt£ fc oftiH:;H: J: oT fc . B^JBSffiB 
3fcfc:*fLT. «S««KCtfe«(a3SSai*JJ:tm«ffl« 

[00 6 1] H8(C^-J:3%«G (x, y) Hofc 
feJI-fe/PC (x, y) T«. afcO«Gl*iJ;tf»SG2 

izmftmz^itz-th zttfX'Z&<r>x\ m&mizii. 

S*ifcW®HBfc«tfcjE«=SrfllBG 1 
fflKJC t fcIEW5r*3 G 2 1 hitzffiUzMzJ; o T . 
SflMBftfe/UM* ixS^i: j&n»rerc* ft . L*> L3r 

itlgfc. 4>19<7)&!£k££i6. £fh2 8ii9<0«J*fe 

Hfea-fe/wrfto. 01 n:ii z.h.^<rm®M)\s* Aft 

7 JflofiWRKEfi LfcttflUfiftSftX ^ ft . 
[0062] Z<r>m 1 1 (C*$*UifTj«IO7o<0JlItt. 

ys-yx-^a>-$:*LT^ft. Jtkiif. ^jWltcffiS 
-Tft-te/Hi, ffiHA«oe/jNfflC*t*E-rft-fe;l'T , *> , 9. ?8 

MZtc-oX^h. ¥W 2 - W 7 ^ tOSJ^&ilrf ft K L 

0. $ilGififfc*l;:£#oT^ft. ?iJW7fc:ftfi-tft 
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l =-fe;mc l . -ftni>-h. Sffitfi&tztifii-tMzto 
T<^ft. 4fc. ,I<7)01 itcjS«f*iX:fTJlOlTtc«B'^ 
ftk. fck*«f. trv l fcfiaM-*Hs;W4. ime<^m 
>mt,z#m-fh -b;UT* 0 . ?t<D&£ G 2 = 0. f-$r*> 
*>. »G*v£<^£*iTv^v^;Wc&-?-t^ft. It 
V2~V4^kTii^lW-ft(;:L*:#-?T. £9** 

<3r-?T^ft. 
[0063] §4. SKfflftW:WH=^*fflV^/£3teWF 

dClT'Wt. 01 l{C^-Ti:a^2 8ji , 5«0%SI-b^S:fiJ 

mix. m#m ommztitix&m? (*nm 

yt*-:?£:fiJJHLT. H5f2*?J:3(c. &f(Mm*k 
10k. =<K5cffii«-fc/mte3 0 £5g 

is-rft. H»:7cES-b;um-^3 o *m&*z>m 
(i<o^t'ij. £tmimf$.zixx^%^) xhK>. 
=<5C7c«as-bywfc-&3o*»iaw-«. loofias-t 

;^^ffe(i. Jtkiff. C1=0. 6/xm. C2 = 0. 
I 25Atm. C3 = 0. 2 5Mmm^t-ttl^X<. ZCO 

m^. -fe^co«^rifoob--yf-$r. o. 6jum. aarrtio 

t'/fJ:, 0. 2 5Atmmii\ *i)V*WmZi:<Wm. 
■fftit^T^ft. ^>*>ft^. iifc*B^Lfc4Hr/K0 

a^is^-rft-k^'T'^ft. tztz. *)v?mwizz<% 

W«r*«if. %f*:^S^*^#'b^ftSBAA^< : 5: 

&*vjN§</j:ix{^ftai:. fl«-fe;KOPflOflBiSr»« 
^-ft^* , )«oiai*^»e<)(wHIS(c^oT<ft. ^r*>. -fe 

: saa^a-fe/Kojaxf^tfoffissr^jt-r ft k . jgfc <t 

y ^-T-fe^Srietrr ft 
[ 0 0 6 4 3 ; 3 LT . 1 0*5 itXH<X=:{5«-b 

I * J6« L » § 2 T'^Jt «fc o iz . *ft«jSiffl{tfc:f!Bt L 

T . «-<R©-lr;U$: .011 (-^-f 2 8il 0 cotym&W 
vvtfftjWcB&au (ffl^r<7)(ag-fe;Uc^$ixTv^ft 

: k§^ft7t^w«H4^«i>jSv^a-fe^t=s^mi. 

: ft) . fta-fe/l/O^k LTOWfcWPfcf&iWS. - 
Wk§. (08^01 ltc^Six 

TV^ftfta-lr/K7)^-^(i±ffl) A { , 05tc*-TH»:7n 
<Sffl-b;um-^3 0<7}fuBa 1 0(C(S]*H^-5^ 

BB) 0?l£|fi]<J:5fc:-tft. 
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[0065] tott, iwtett. im^/i'imm^ju 

(=*#»i4fHH«> ft^i^k&&^#2&f&glffit;:, 
fc «k 3 tZ. 0 5 lZ*k-tE&7tffig.*Jl'M'& 3 0 coffin <D 

(R«-fe/l/fc:«*S nfcWeMHs J: tmjefiHB t 
BW6 ^mtttcJ: 0 . 

^m?z&m-t&m&izit. vHwmGa&ztm^ 
f&su ;<?5JstiR*fflv^x^>'nsfc:j:o, mam 

c o o 6 6 ] m*mz 
«, m8<,z^£o%m*>i'£zj<ttmzwim-t&z 
tizx *)nt>tih*wmi,zk ■oxm&zti&tf. >&mz 
mtx. i n*t*m<r>$mizmm&M!Wz> xoizt 

[0067] #ft3-te/Pfc-£*fcftfcAlt3fe& t . 

ft*. i-T'{±, z\<7)£?%*ftmt&mmt<?>-mffi 

[ 0 0 6 8 ] ^* , m 1 2»J:B0>BrfflBK=Sc*-J: 3 3r 

tmih^tzm&m^c (x. y > m^tis. 

.ZcTHr/Ui, gg£d (x, y) <7)SGjWgj££#VC V>& 
SiifcfiHWBC b k . <D^ffltg£t->*:-fe^-Cft&. 

OSf/r*) £ n 1 k U ^ICa^MtStt^I 
iff^£n2k-r*Uf. »Gcog±g|$ (DflgB<0g*&l$ 
t,L<(idia5Wft^?) dmax dmax = A/| n 
1 -n 2 I 2: . jfcftA<7>3frC*fLT. 0~2 

tfmmX'ZZ,. tztz.\f. MA=400nmtL, @ 
tff^tfO^ I n 1 - n 2 I =2T'fto/ik-mif. dmax 
= 200nm(0. 2um) iZlSCfcttUfk^tlZtc 



[0069] Z(Dtgr&. *&6fltfB0 (x, y) CJEtrt: 
ai£d (x, y) ti. 01 2 3 i=. nl>n2 
om&iZli. 

d (x, y) = A • 6 (x. y)/2 ( n 1 - n 2 ) tc 
ZhiZlZ nl<n2cD«^«, 
d(x, y ) = dmax - A • # ( x , y)/2 (n2- 
nl) I 

%&3tlz£*)?!t£?>Z£lz%:h. Ltztf^X. ft&lo 
tfo«es-fe;uc (x, y) {z^xcoft%fflia&XXf&%. 
ftffl *\ Ztl^tlA ( x , y ) ( x . y ) k# 

i-jftij. ±ifi<0*t=«fSffiffi^ (x, y) SrftAL 
T, *ffi$-r&i?S!£ d (x, y) ZUmzXiX^lb, 0 
1 lfcjj^-2 8jI90Wi*/U94»A>£. H-Wct-^T 
*ftfcWSd (x, y) (d»fc2c«St#t, t$£iS 
«A(x. y) fcyEtfc-tffitCfktiSVv(«i*#t*» 

a-fe^*aw?u SKRa-t^c (x, y > taHKLfc 
cb$-ig(t^*»-?7t:^^c{i. %mm<r>mmmxi 1 k t 

[0070] - 2u H 1 3<o±a<OBnfflat*r*-J: o =5: 
«Bfi*t>ofcR«ffi-b;UC (x, y) fftftetttX* 
Z0)*M±. mZd (x, y) (TJiSGjWBjfc&ft 
TV>S*ft:SC«k. *<0±Bffc»G*«^6J:3t:L 
T»^^iX7t:«gSC/3k. <0IlJiflBa*fc->fc-fe/I^T 
*>&ifi. *MC a k Sa«C 0 k cO*gWSStMk ^ 

ot*3>5. mntyjfr^Tijizm^xummcflizx 
-ixztzASiffii. zoimffixzMi-xmntJj'^fo 
tfxmtii-rz>zki t z%i>. zzx\ temmcezmffct 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hologram which 
can obtain high diffraction efficiency when reproduced and has 
superior productivity. 

SOLUTION: A computer is used to define an arbitrary object 
image and a recording surface where representative points are 
arranged at specific intervals. At the individual representative 
point positions, complex amplitudes regarding the wavefront of 
the object light emitted by the object image are computed to 
find a complex amplitude distribution on the recording surface. 
This complex amplitude distribution is represented by three- 
dimensional cells each having a groove on one surface. Four 
different groove depths are defined according to a phase ? and 
seven different groove widths are defined according to an 
amplitude A to prepare 28 three-dimensional cells in total; and 
one of the 28 three-dimensional cells corresponding to the 
phase ? and amplitude A of the complex amplitude at each 
representative point position is arranged at the representative 
point position. Thus, one of the 28 three-dimensional cells is 
arranged at each representative point position on the recording 
surface to form a hologram recording medium as an assembly of the three-dimensional cells. A 
reproduced image is obtained by the phase/amplitude modulating function of the groove parts of the 
respective cells. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optical element to which each eel is characterized by to have the specific optical 
property, respectively so that it may be the optical, element which consists of a set of two or more 
three-dimensions eels, the specific amplitude and a specific phase may be defined as each eel, 
respectively and the injection light to which the amplitude and phase of said incident light were 
changed according to the specific amplitude and the specific phase which were defined as the eel 
concerned when predetermined incident light was given to each eel may be obtained. 
[Claim 2] The optical element characterized by having the amplitude modulation section in which each 
eel had the permeability according to the specific amplitude, respectively in an optical element 
according to claim 1 . 

[Claim 3] The optical element characterized by having the amplitude modulation section in which each 
eel had a reflection factor according to the specific amplitude, respectively in an optical element 
according to claim 1 . 

[Claim 4] The optical element characterized by having the amplitude modulation section in which each 
eel had the effective area according to the specific amplitude, respectively in an optical element 
according to claim 1 . 

[Claim 5] The optical element characterized by having the phase modulation section in which each eel 
had a refractive index according to a specific phase, respectively in an optical element according to 
claim 1 to 4. 

[Claim 6] The optical element characterized by having the phase modulation section in which each eel 
had the optical path length according to a specific phase, respectively in an optical element according 
to claim 1 to 4. 

[Claim 7] The optical element characterized by having the crevice formed when only the depth 
according to a specific phase investigated the part in which each eel had the area according to the 
specific amplitude, respectively in an optical element according to claim 1 . 
[Claim 8] The optical element characterized by having the heights formed when only the height 
according to a specific phase upheaved the part in which each eel had the area according to the specific 
amplitude, respectively in an optical element according to claim 1 . 

[Claim 9] The optical element characterized by for the field in which each crevice or heights of a eel 
was formed being a reflector in the optical element according to claim 7 or 8, and becoming injection 
light when the incident light given to the eel reflects according to this reflector. 
[Claim 10] The optical element characterized by consisting of construction material from which it has 
a wrap protective layer and said body layer and said protective layer differ mutually the field in which 
the crevice or heights of the body layer in which each eel has a crevice or heights, and this body layer 
was formed in the optical element according to claim 7 or 8. 

[Claim 11] The optical element characterized by the incident light which consists of translucency 
ingredients which had the refractive index from which a body layer and a protective layer differ 
mutually in the optical element according to claim 10, and was given to the eel turning into injection 
light by passing said body layer and said protective layer. 

[Claim 12] The optical element characterized by the incident light by which the boundary of a body 
layer and a protective layer formed the reflector, and was given to the eel in the optical element 
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according to claim 10 turning into injection light by reflecting according to said reflector. 
[Claim 13] The optical element characterized by arranging each eel single dimension-wise or two- 
dimensional in an optical element according to claim 1 to 12. 

[Claim 14] The optical element characterized by being arranged in an optical element according to 
claim 13 so that the pitch of the lengthwise direction of each eel and a lateral pitch may turn into 
pitches, such as each. 

[Claim 15] The optical element characterized by recording complex amplitude distribution of the body 
light from the body image concerned, and being able to use as a hologram in an optical element 
according to claim 1 to 14 so that a body image may be reproduced, when it observes from a 
predetermined view location. 

[Claim 16] The eel definition phase which manufactures the optical element on which the 
predetermined body image was recorded of being an approach and defining the set of two or more 
three-dimensions virtual eels, By calculating the complex amplitude in said each representation point 
location of the representation point definition phase of defining a representation point about each 
virtual eel, respectively, the body image definition phase of defining the body image which should be 
recorded, and the body light emitted from said body image The amplitude phase definition phase of 
defining the specific amplitude and a specific phase as each virtual eel, Each virtual eel is transposed to 
the physical eel which has a stereo, respectively, and it has the physical eel formation phase which 
forms the optical element which consists of a set of a three-dimensions physics cel. In said physical eel 
formation phase So that the injection light to which the amplitude and phase of said incident light were 
changed according to the specific amplitude and the specific phase which were defined as the virtual 
eel corresponding to the physical eel concerned may be obtained, if predetermined incident light is 
given to each physical eel The manufacture approach of the optical element characterized by replacing 
by the physical eel which has a specific optical property, respectively. 

[Claim 17] The manufacture approach of the optical element characterized by defining a eel set in a eel 
definition phase in the manufacture approach of an optical element according to claim 16 by arranging 
the virtual eel of the letter of a block single dimension- wise or two-dimensional. 
[Claim 18] In the manufacture approach of an optical element according to claim 16 or 17, it sets in an 
amplitude phase definition phase. The body light which consists of a spherical wave which defined two 
or more point light sources, and had the predetermined amplitude and a predetermined phase from each 
point light source on the body image should be emitted. The manufacture approach of the optical 
element characterized by calculating the sum total complex amplitude of the body light from each 
point light source in each representation point location in predetermined criteria time of day. 
[Claim 19] In the manufacture approach of an optical element according to claim 18, the K point light 
sources which emit the body light of wavelength lambda on a body image are defined. When the 
amplitude of the body light emitted from the k-th point light source (k=l-K) O (k) is set to Ak, a phase 
is set to thetak and the predetermined representation point P and k-th distance with point light source O 
(k) are set to rk the sum total complex amplitude of the body light from the K point light sources in 
. said predetermined representation point P - sigma (k=l-K) (Ak/rk-cos(thetak**2pi 
rk/lambda)+iAk/rk-sin (thetak**2pi rk/lambda)) — the manufacture approach of the optical element 
characterized by asking by count. 

[Claim 20] The manufacture approach of the optical element characterized by transposing to the 
physical eel which has the crevice formed when only the depth according to a specific phase 
investigates a part with the area [ eel / each / virtual ] according to the specific amplitude in a physical 
eel formation phase in the manufacture approach according to claim 16 to 19. 
[Claim 21] The manufacture approach of the optical element characterized by transposing to the 
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physical eel which has the heights formed when only the height according to a specific phase upheaves 
a part with the area [ eel / each / virtual ] according to the specific amplitude in a physical eel 
formation phase in the manufacture approach according to claim 16 to 19. 

[Claim 22] When the refractive index of the matter which constitutes the matter or heights with which 
the crevice of a physical eel was filled up in the manufacture approach according to claim 20 or 21 is 
set to nl, the refractive index of another matter which touches this is set to n2 and wavelength of body 
light is set to lambda The maximum depth of a crevice, or maximum height dmax of heights Set it as 
dmax =lambda/|nl-n2|, and depth or height d according to the specific phase theta in the case of nl>n2 
d=lambda-theta / 2(nl-n2) pi -- count being based - nl - < -- in the case of n2 d=dmax-lambda- 
theta / 2(n2-nl) pi — the manufacture approach of the optical element characterized by playback of a 
body image being performed by the transmitted light which is determined, respectively and penetrates 
a crevice or heights based on count. 

[Claim 23] When the refractive index of the matter which constitutes the matter or heights with which 
the crevice of a physical eel was filled up in the manufacture approach according to claim 20 or 21 is 
set to n and wavelength of body light is set to lambda The maximum depth of a crevice, or maximum 
height dmax of heights It is set as dmax =lambda / 2n. The manufacture approach of the optical 
element characterized by playback of a body image being performed by the reflected light which 
determines depth or height d according to the specific phase theta based on the count 4npi [ d=lambda- 
theta / ] Becoming, and is reflected in the interface of a crevice or heights. 

[Claim 24] In the manufacture approach according to claim 20 to 23, two or more a kinds of area is 
defined as an area according to the specific amplitude. Two or more b kinds of depths or height are 
defined as the depth according to a specific phase, or height. The manufacture approach of the optical 
element characterized by the optical property for which the physical eel of a total of axb kinds of 
classes is prepared for, and each virtual eel is needed among these physical eels transposing to the 
nearest physical cel. 

[Claim 25] The manufacture approach of the optical element characterized by having further the phase 
correction phase of adding correction to the specific phase by which each virtual eel was defined in the 
manufacture approach according to claim 16 to 24 in consideration of the sense of the illumination 
light irradiated at the time of playback, or the view location at the time of playback. 
[Claim 26] In the manufacture approach according to claim 16 to 25, it sets in a eel definition phase. 
Define the eel set which consists a virtual eel of horizontal and a virtual eel arranged on the 2- 
dimensional matrix by arranging perpendicularly, and it sets in an amplitude phase definition phase. 
While each defines horizontally elongation and the point light source train of two or moreM 
individuals arranged perpendicularly mutually on a body image A total of M groups are defined by 
making into one group the virtual eel group which belongs to the multi-line which adjoins 
perpendicularly in said 2-dimensional matrix. As that to which the body light which M point light 
source trains and M groups were made to correspond according to the order of arrangement about a 
perpendicular direction, and was emitted from the point light source within the m-th point light source 
train (m=l-M) reaches only the virtual eel which belongs to the m-th group The manufacture approach 
of the optical element characterized by calculating sum total complex amplitude in each representation 
point location. 



DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About an optical element and its manufacture approach, especially this 
invention records a stereoscopic model as a hologram, and relates to the optical element which can 
reproduce this, and its manufacture approach. 
[0002] 

[Description of the Prior Art] A stereoscopic model is recorded on a medium, the technique of 
holography is known as an approach of reproducing this for many years, and the hologram created by 
this approach is used in various fields, such as an art for admiration, and a seal for forged prevention. 
The approach of recording the interference fringe of the body light and the reference beam which are 
emitted from a body on a photosensitive medium as an approach of creating a hologram optically is 
common. As the light source of body light and a reference beam, the laser beam excellent in the 
coherency is usually used. Generally, the behavior of electromagnetic waves, such as light, can be 
regarded as propagation of a wave front with the amplitude and a phase, and a hologram can be said to 
be an optical element with the function which reproduces such a wave front. Therefore, it is necessary 
to record the information for reproducing the phase and amplitude of body light in each location of 
space to accuracy on the record medium of a hologram. If the interference fringe produced by body 
light and the reference beam is recorded on a photosensitive medium, information including the both 
sides of the phase of body light and the amplitude can be recorded, and it can observe as a light to 
which a part of this lighting playback light had a wave front equivalent to body light in this medium by 
irradiating a lighting playback light equivalent to a reference beam. 

[0003] Thus, when creating a hologram by the optical approach using a laser beam etc., the phase and 
amplitude of body light can be recorded only as an interference fringe with a reference beam. This is 
because there is a property which the photosensitive medium which records a hologram exposes 
according to luminous intensity. On the other hand, the technique of creating a hologram is also being 
put in practical use by the operation using a computer recently. Creation of a hologram is performed by 
calling this technique the computer hologram (CGH:Computer Generated Hologram), calculating the 
wave front of body light using a computer, and recording that phase and amplitude on a physical 
medium by a certain approach. If the technique of this computer hologram is used, of course, it will 
also become possible to also record an image as an interference fringe of body light and a reference 
beam, and to record the information about the phase and amplitude of body light on a direct recording 
surface, without using a reference beam, although it is possible. For example, a recording method with 
which the magnitude of opening formed on the record medium expresses the amplitude, and a phase is 
expressed in the location of opening, and a recording method which constitutes a medium from a two- 
layer recording layer, records the amplitude on one recording layer, and records a phase on another 
recording layer are proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] Generally, the approach of recording an image as an 
interference fringe currently widely performed as the optical hologram creation approach can acquire a 
reconstruction image with high resolution, and since it can perform by the optical approach, although 
there is a merit that productivity is high, since the diffraction efficiency by the interference fringe at the 
time of playback is bad, it has the problem that an image becomes dark. On the other hand, although 
the approach of recording directly the phase and amplitude of the body light proposed as a way method 
of a computer hologram on a medium has the merit that high diffraction efficiency can be acquired, it 
is technically difficult to record a phase and the amplitude on a medium, and has practically the 
problem that productivity falls. 



JP2002-72837 English page 5 



[0005] Then, this invention can acquire high diffraction efficiency at the time of playback, and aims at 

offering the optical element which was moreover excellent in productivity. 

[0006] 

[Means for Solving the Problem] The 1st mode of this invention constitutes an optical element by the 
set of two or more three-dimensions eels. (1) In each eel So that the injection light to which the 
amplitude and phase of incident light were changed according to the specific amplitude and the 
specific phase which were defined as the eel concerned may be obtained, if the specific, amplitude and 
a specific phase are defined, respectively and predetermined incident light is given to each eel It is 
made for each eel to have a specific optical property, respectively. 

[0007] (2) the 2nd mode of this invention — the 1st above-mentioned voice — make it have the 
amplitude modulation section in which each eel had the permeability according to the specific 
amplitude, respectively in the optical element which starts like 

[0008] (3) the 3rd mode of this invention - the 1st above-mentioned voice - make it have the 
amplitude modulation section in which each eel had a reflection factor according to the specific 
amplitude, respectively in the optical element which starts like 

[0009] (4) the 4th mode of this invention — the 1st above-mentioned voice — make it have the 
amplitude modulation section in which each eel had the effective area according to the specific 
amplitude, respectively in the optical element which starts like 

[0010] (5) the 5th mode of this invention — the above-mentioned 1st - the 4th voice - make it have the 
phase modulation section in which each eel had a refractive index according to a specific phase, 
respectively in the optical element which starts like 

[001 1] (6) the 6th mode of this invention - the above-mentioned 1st - the 4th voice - make it have the 
phase modulation section in which each eel had the optical path length according to a specific phase, 
respectively in the optical element which starts like 

[0012] (7) the 7th mode of this invention -- the 1st above-mentioned voice - make it have the crevice 
formed when only the depth according to a specific phase investigated the part in which each eel had 
the area according to the specific amplitude, respectively in the optical element which starts like 
[0013] (8) the 8th mode of this invention — the 1st above-mentioned voice — make it have the heights 
formed when only the height according to a specific phase upheaved the part in which each eel had the 
area according to the specific amplitude, respectively in the optical element which starts like 
[0014] (9) the 9th mode of this invention - the 7th or 8th above-mentioned voice - make into a 
reflector the field in which each crevice or heights of a eel was formed, and when the incident light 
given to the eel reflects according to this reflector, make it become injection light in the optical 
element which starts like 

[0015] (10) the 10th mode of this invention ~ the 7th or 8th above-mentioned voice - in the optical 
element which starts like, it has a wrap protective layer and the field in which the crevice or heights of 
the body layer in which each eel has a crevice or heights, and this body layer was formed consists of 
construction material from which a body layer and a protective layer differ mutually. 
[0016] (1 1) the 1 1th mode of this invention - the 10th above-mentioned voice - constitute from a 
translucency ingredient with a refractive index which is mutually different in a body layer and a 
protective layer, and make it the incident light given to the eel turn into injection light by passing a 
body layer and a protective layer in the optical element which starts like 

[0017] (12) the 12th mode of this invention - the 10th above-mentioned voice — make the boundary of 
a body layer and a protective layer into a reflector, and make it the incident light given to the eel turn 
into injection light by reflecting according to this reflector in the optical element which starts like 
[0018] (13) the 13th mode of this invention - the above-mentioned 1st - the 12th voice - arrange each 
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eel single dimension-wise or two-dimensional in the optical element which starts like. 
[0019] (14) the 14th mode of this invention - the 13th above-mentioned voice — make it arrange in the 
optical element which starts like, so that the pitch of the lengthwise direction of each eel and a lateral 
pitch may turn into pitches, such as each 

[0020] (15) the 15th mode of this invention — the above-mentioned 1st - the 14th voice -- when it 
observes from a predetermined view location, record complex amplitude distribution of the body light 
from the body image concerned, and enable it to use as a hologram in the optical element which starts 
like, so that a body image may be reproduced 

[0021] (16) In the approach the 16th mode of this invention manufactures the optical element on which 
the predetermined body image was recorded The eel definition phase of defining the set of two or more 
three-dimensions virtual eels, and the representation point definition phase of defining a representation 
point about each virtual eel, respectively, By calculating the complex amplitude in each representation 
point location of the body image definition phase of defining the body image which should be recorded, 
and the body light emitted from the body image The amplitude phase definition phase of defining the 
specific amplitude and a specific phase as each virtual eel, Each virtual eel is transposed to the physical 
eel which has a stereo, respectively, and the physical eel formation phase which forms the optical 
element which consists of a set of a three-dimensions physics eel is performed. In a physical eel 
formation phase So that the injection light to which the amplitude and phase of incident light were 
changed according to the specific amplitude and the specific phase which were defined as the virtual 
eel corresponding to the physical eel concerned may be obtained, if predetermined incident light is 
given to each physical eel It is made to replace by the physical eel which has a specific optical property, 
respectively. 

[0022] (17) the 17th mode of this invention - the 16th above-mentioned voice - be made to define a 
eel set by arranging the virtual eel of the letter of a block single dimension- wise or two-dimensional in 
a eel definition phase in the manufacture approach of the optical element which starts like. 
[0023] (18) In the manufacture approach of the optical element which starts like the 18th mode of this 
invention — the 16th or 17th above-mentioned voice ~ The body light which consists of a spherical 
wave which defined two or more point light sources, and had the predetermined amplitude and a 
predetermined phase from each point light source on the body image in the amplitude phase definition 
phase should be emitted. In predetermined criteria time of day, the sum total complex amplitude of the 
body light from each point light source in each representation point location is calculated. 
[0024] (19) In the manufacture approach of the optical element which starts like the 19th mode of this 
invention » the 1 8th above-mentioned voice — The amplitude of the body light which defines the K 
point light sources which emit the body light of wavelength lambda on a body image, and is emitted 
from the k-th point light source (k=l-K) O (k) Ak, When a phase is set to thetak and the predetermined 
representation point P and k-th distance with point light source O (k) are set to rk the sum total 
complex amplitude of the body light from the K point light sources in the predetermined representation 
point P - sigma (k=l-K) (Ak/rk-cos(thetak**2pi rk/lambda)+iAk/rk-sin (thetak**2pi rk/lambda)) - it 
is made to ask by count 

[0025] (20) the 20th mode of this invention - the above-mentioned 16th - the 19th voice ~ make it 
transpose to the physical eel which has the crevice formed when only the depth according to a specific 
phase investigates a part with the area [ eel / each / virtual ] according to the specific amplitude in a 
physical eel formation phase in the manufacture approach of the optical element which starts like 
[0026] (21).the 21st mode of this invention ~ the above-mentioned 16th - the 19th voice - make it 
transpose to the physical eel which has the heights formed when only the height according to a specific 
phase upheaves a part with the area [ eel / each / virtual ] according to the specific amplitude in a 
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physical eel formation phase in the manufacture approach of the optical element which starts like 
[0027] (22) In the manufacture approach of the optical element which starts like the 22nd mode of this 
invention — the 20th or 21st above-mentioned voice — When the refractive index of the matter which 
constitutes the matter or heights with which the crevice of a physical eel was filled up is set to nl , the 
refractive index of another matter which touches this is set to n2 and wavelength of body light is set to 
lambda The maximum depth of a crevice, or maximum height dmax of heights Set it as dmax 
=lambda/|nl-n2|, and depth or height d according to the specific phase theta in the case of nl>n2 
d=lambda-theta / 2(nl-n2) pi — count — being based — nl — < — the case of n2 — d=dmax-lambda- 
theta / 2(n2-nl) pi based on count, it determines, respectively and playback of a body image is made 
to be performed by the transmitted light which penetrates a crevice or heights. 

[0028] (23) In the manufacture approach of the optical element which starts like the 23rd mode of this 
invention — the 20th or 21st above-mentioned voice — When the refractive index of the matter which 
constitutes the matter or heights with which the crevice of a physical eel was filled up is set to n and 
wavelength of body light is set to lambda The maximum depth of a crevice, or maximum height dmax 
of heights It is set as dmax =lambda / 2n. Depth or height d according to the specific phase theta is 
determined based on the count 4npi [ d=lambda-theta / ] Becoming, and playback of a body image is 
made to be performed by the reflected light reflected in the interface of a crevice or heights. 
[0029] (24) In the manufacture approach of the optical element which starts like the 24th mode of this 
invention - the above-mentioned 20th - the 23rd voice ~ Define two or more a kinds of areas as an 
area according to the specific amplitude, and two or more b kinds of depths or height are defined as the 
depth according to a specific phase, or height. The physical eel of a total of axb kinds of classes is 
prepared, and it is made for the optical property for which each virtual eel is needed among these 
physical eels to transpose to the nearest physical cel. 

[0030] (25) the 25th mode of this invention - the above-mentioned 16th - the 24th voice — be made to 
perform the phase correction phase of adding correction to the specific phase by which each virtual eel 
was defined further in the manufacture approach of the optical element which starts like in 
consideration of the sense of the illumination light irradiated at the time of playback, or the view 
location at the time of playback. 

[003 1] (26) In the manufacture approach of the optical element which starts like the 26th mode of this 
invention — the above-mentioned 16th - the 25th voice — In a eel definition phase a virtual eel 
horizontal and by arranging perpendicularly While the eel set which consists of a virtual eel arranged 
on the 2-dimensional matrix is defined and each defines horizontally elongation and the point light 
source train of two or moreM individuals arranged perpendicularly mutually on a body image in an 
amplitude phase definition phase A total of M groups are defined by making into one group the virtual 
eel group which belongs to the multi-line which adjoins perpendicularly in a 2-dimensional matrix. As 
that to which the body light which M point light source trains and M groups were made to correspond 
according to the order of arrangement about a perpendicular direction, and was emitted from the point 
light source within the m-th point light source train (m=l-M) reaches only the virtual eel which 
belongs to the m-th group It is made to calculate sum total complex amplitude in each representation 
point location. 
[0032] 

[Embodiment of the Invention] Hereafter, it explains based on the operation gestalt illustrating this 
invention. 

[0033] **1. Basic principle drawing 1 of this invention is the perspective view showing the technique 
of the general holography which records a body image as an interference fringe optically using a 
reference beam. When recording the stereoscopic model of a body 10 on a record medium 20, a body 
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10 will be illuminated with the light (usually laser beam) of the same wavelength as a reference beam 
R, and the interference fringe formed on a record medium 20 of the body light and the reference beam 
R from a body 10 will be recorded. When the point P (x y) of the arbitration which defines XY system 
of coordinates on a record medium 20, and is here located in a coordinate (x y) is noted, at this point P 
(x y) The amplitude reinforcement of each point [ on a body 10 ] O (1), O (2), --, O (k), --, the 
synthetic wave by interference with each body light from O (K) and a reference beam R will be 
recorded. Although the amplitude reinforcement of the synthetic wave by interference with the body 
light from each point and a reference beam R is similarly recorded on another point P on a record 
medium 20 (x f , y'), since the propagation distance of light differs, it differs from the amplitude 
reinforcement recorded on Point P (x y), and the amplitude reinforcement recorded on Point P (x f , y f ). 
Thus, on the record medium 20, amplitude intensity distribution will be recorded and the amplitude 
and phase of body light will be expressed by these amplitude intensity distribution: At the time of 
playback, the solid reconstruction image of a body 10 is acquired by irradiating the playback 
illumination light of the. same wavelength as a reference beam R from the same direction (or direction 
which becomes symmetrical with a field about a record medium 20) as a reference beam R. 
[0034] By the optical approach, in order to record an interference fringe on a record medium 20, a 
photosensitive ingredient will be used as a record medium 20, and an interference fringe will be 
recorded as a shade pattern on a record medium 20. What is necessary is on the other hand, just to 
carry out simulation of the phenomenon produced in the optical system shown in this drawing 1 on a 
computer, in using the technique of a computer hologram. Instead of [ actual ] a body 10 or a record 
medium 20, the body image 10 and a recording surface 20 are defined in the virtual three-dimensions 
space on a computer, and, specifically, point light source [ much ] O (1), O (2), --, O (k), — , O (K) are 
defined on the body image 10. And body light (spherical wave) with predetermined wavelength, the 
amplitude, and a phase is defined about each point light source, and a reference beam with the same 
wavelength as this body light is defined further. On the other hand, many representation points P (x y) 
are defined on a recording surface 20, and it asks for the amplitude reinforcement of the synthetic wave 
of the body light and the reference beam which reach in the location of each representation point by the 
operation. In this way, on a recording surface 20, since amplitude intensity distribution (interference 
fringe) can be found by the operation, if these amplitude intensity distribution are recorded as shade 
distribution or concavo-convex distribution on a physical record medium, a physical hologram record 
medium can be created. 

[0035] But if the technique of a computer hologram is used, it is also possible for it not to be necessary 
to necessarily record as an interference fringe using a reference beam R, and to record the body light 
from the body image 10 itself on a recording surface 20 directly. That is, when creating a hologram 
optically, on the record medium 20 which consists of a photosensitive ingredient, an interference wave 
is generated over fixed time amount required for sensitization, and this must be recorded as an 
interference fringe. For this reason, it is necessary to generate the interference wave which turns into a 
standing wave using a reference beam. However, if the technique of a computer hologram is used, time 
amount can be made to be able to stand it still, the condition of the wave of a certain flash which exists 
on a recording surface 20 can be observed, and this can be recorded. If another word is carried out, it 
can ask for the amplitude and phase of body light in each representation point location on the recording 
surface 20 in predetermined criteria time of day by the operation. In this invention, the technique of 
recording the amplitude and phase of body light directly is taken, without taking the technique of 
recording body light as an interference fringe with a reference beam taking advantage of the advantage 
of such a computer hologram. 

[0036] As shown in the perspective view of now, for example, drawing 2, when the point light source 
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O and a recording surface 20 are defined, I will consider how the amplitude and phase of the body light 
which reached the representation point P on a recording surface 20 (x y) are calculated. Generally, the 
wave motion in consideration of the amplitude and a phase is Acostheta. + i It is expressed by the 
function of complex variable Asintheta Becoming (i is an imaginary unit). A is the parameter which 
shows the amplitude here and theta is the parameter which shows a phase. Then, the body light in the 
location of the representation point P (x y) if the above-mentioned function of complex variable 
defines the body light emitted from the point light source O is A/r-cos(theta+2pi r/lambda)+. i A/r-sin 
(theta+2pi r/lambda) 

It is expressed with the becoming function of complex variable. Here, r is the distance of the point light 
source O and the representation point P (x y), and lambda is the wavelength of body light. The 
amplitude of body light is decreased as distance r becomes large, and a phase is determined by the 
relation between distance r and wavelength lambda. Although the close variable which shows time 
amount is not in this function of complex variable, this is because it is the formula showing the 
instantaneous state of the wave observed when time amount is made to stand it still in predetermined 
criteria time of day as mentioned above. 

[0037] After all, in order to record the information on the body image 10 on a recording surface 20 
Define point light source [ much ] O (1), O (2), --, O (k), — , O (K) on the body image 10, and it sets in 
each representation point location on a recording surface 20 as shown in the perspective view of 
drawing 3 . What is necessary is to ask for the amplitude and phase of a synthetic wave of body light 
which are emitted from each point light source by the operation, and just to record this by a certain 
approach. It is Ak, as a total of K point light sources are defined on the body image 10 and the body 
light emitted from the k-th point light source O (k) shows now drawing 3 . costhetak + i Ak Juniper 
expressed with the function of complex variable which becomes sinthetak. If it consisted of sets of a 
pixel whose body images 10 had a predetermined gradation value (concentration value), respectively, 
the parameter Ak which shows the amplitude is defined corresponding to the gradation value of the 
pixel which exists in the location of concerned point light source O (k). It is also possible for phase 
thetak to perform setting out which is having the body light of a phase which is generally different 
from each part of the body image 10 if needed although becoming setting out is sufficient thetak=0 
emitted, all — if the body light expressed with the above-mentioned function of complex variable, 
respectively is defined about the K point light sources, it can set in the location of the representation 
point P of the arbitration on a recording surface 20 (x y) - all — the synthetic wave of K body light is 
shown in drawing 3 ~ as - sigma k=l-K (Ak/rk cos(thetak+2pi rk/lambda)+i Ak/rk sin (thetak+2pi 
rk/lambda)) 

It will be expressed by the becoming function of complex variable. Here, rk is the distance of the k-th 
point light source O (k) and representation point P (x y). In addition, an above-mentioned formula is 
equivalent to the formula in the case of reproducing the body image 10 in the inner part of a record 
medium. It is sigma, when reproducing the body image 10 so that it may come up to the near side of a 
record medium. k=l-K (Ak/rk cos(thetak-2pi rk/lambda)+i Ak/rk sin (thetak-2pi rk/lambda)) 
What is necessary is just to calculate a function of complex variable by the becoming formula (the sign 
of the term of a phase is negative). Therefore, the function of complex variable in consideration of both 
cases is sigma. k=l-K (Ak/rk cos(thetak**2pi rk/lambda)+i Ak/rk sin (thetak**2pi rk/lambda)) 
It becomes. If it is made the form which becomes Rxy+ilxy by setting imaginary part to Ixy, setting 
real part of this function as Rxy, the complex amplitude (amplitude in consideration of a phase) in the 
location of the representation point P of this synthetic wave (x y) will be shown by the coordinate point 
Q on a complex coordinate plane as shown in drawing 4 . The amplitude of the body photosynthesis 
wave in the representation point P (x y) will be given after all in the distance A of the Zero O and the 
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coordinate point Q in the coordinate plane shown in drawing 4 (x y), and a phase will be given at the 
include angle theta of Vector OQ and a real number shaft (x y) to make. 

[0038] In this way, the amplitude A (x y) and phase theta (x y) of a body photosynthesis wave in the 
representation point P (x y) location of the arbitration defined on the recording surface 20 will be 
called for by count. Therefore, on a recording surface 20, complex amplitude distribution (amplitude of 
a body photosynthesis wave and distribution of a phase) of the body light ****(ed) from the body 
image 10 is acquired. In this way, if the wave front of body light is reproduced when the acquired 
complex amplitude distribution is recorded on a physical record medium in a certain form and the 
predetermined playback illumination light is given, the body image 10 can be recorded as a hologram. 
[0039] The invention-in-this-application person hit on an idea of the approach of using a three- 
dimensions eel, in order to record complex amplitude distribution of the body light emitted from the 
body image 10 on a recording surface 20. What is necessary is just to perform the following 
procedures, in order to record complex amplitude distribution using a three-dimensions eel and to 
record the body image 10 as a hologram. First, for example, as shown in drawing 5 , the three- 
dimensions virtual eel set 30 is defined as the location of a recording surface 20. This three-dimensions 
virtual eel set 30 arranges a eel two-dimensional by putting the virtual eel of the letter of a block with a 
predetermined dimension in order in all directions. And a representation point is defined about each 
virtual eel, respectively. Although one point of the arbitration in a eel is available for the location of a 
representation point, it is made to define the representation point of the eel concerned as the central 
point location of the front face of a eel (field which faced the body image 10) here. For example, XY 
system of coordinates are defined as the front face (field which faced the body image 10) of the three- 
dimensions virtual eel set 30, and if a virtual eel with the representation point P (x y) in the location of 
the coordinate (x y) in these system of coordinates is made to call it the virtual eel C (x y), the 
representation point P (x y) will come to the central point of the front face of this virtual eel C (x y). 
[0040] On the other hand, the body image 10 is defined as a set of the point light source. The body 
image 10 is defined by the example shown in drawing 5 as K sets of point light source O (1), O (2), -, 
O (k), --, O (K). From these each point light source, the body light which had the predetermined 
amplitude and a predetermined phase, respectively will be emitted, and the synthetic wave of these 
bodies light will reach the representation point P (x y). The complex amplitude of this synthetic wave 
can be calculated by the formula mentioned above, and is shown as a coordinate point Q in the 
complex coordinate plane shown in drawing 4 , and it is as having already stated that the amplitude A 
(x y) and a phase theta (x y) are obtained based on this coordinate point Q. Here, the amplitude A (x y) 
obtained about the representation point P (x y) and a phase theta (x y) will be called the specific 
amplitude A (x y) about the virtual eel C (x y) including the representation point P concerned (x y), 
and the specific phase theta (x y). 

[0041] The above procedure will be actually performed as data processing which used the computer. 
After all, it can ask for the specific amplitude and a specific phase by this data processing, respectively 
about all the virtual eels that constitute the three-dimensions virtual eel set 30. Then, if the virtual eel 
of these each is transposed to the physical eel which has a stereo, respectively, the optical element 
(hologram record medium with which the body image 10 was recorded) which consists of a set of a 
three-dimensions physics eel can be created. Here, the physical eel replaced with a virtual eel needs to 
have the optical property which can modulate the amplitude and phase of incident light according to 
the specific amplitude and the specific phase which are defined as the virtual cel. If another word is 
carried out, each replaced physical eel needs to have the specific optical property with the function 
which produces injection light by changing the amplitude and phase of this incident light according to 
the specific amplitude and the specific phase which were defined as the virtual eel before a 
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permutation, when predetermined incident light is given. 

[0042] If the predetermined illumination light for playback (homogeneous-light plane wave with the 
ideally same wavelength as the body light wave length lambda who used in the above-mentioned data 
processing) is irradiated to the optical element which consists of a set of a physical eel with such a 
specific optical property, since the illumination light for playback is modulated by the specific 
amplitude and the specific phase, the wave front of the body light of a basis will be reproduced in each 
physical cel. In this way, the hologram currently recorded on this optical element will be reproduced. 
[0043] **2. Describe the concrete configuration of a physical eel, then the concrete configuration of 
the physical eel used for this invention. The physical eel used for this invention may be a solid eel of 
three dimensions, and as long as it has the specific optical property that the injection light to which the 
amplitude and phase of incident light were changed according to the specific amplitude and the 
specific phase which the specific amplitude and a specific phase were defined, respectively, and were 
defined as the eel concerned when predetermined incident light was given to each eel is obtained, the 
eel of what kind of configuration is sufficient as it. For example, it is supposed about the three- 
dimensions eel C (x y) as shown in drawing 6 that the amplitude A (x y) and a phase theta (x y) were 
recorded, this eel — the amplitude Ain and phase thetain ~ the case where incident light Lin is given — 
amplitude Aout =Ain-A (x y) and phase thetaout =theta — in**theta (x y) — injection light Lout What 
is necessary is just to make it obtained. The amplitude Ain of incident light receives the modulation by 
the specific amplitude A (x y) currently recorded on the eel, and is amplitude Aout. Phase thetain of 
incident light receives the modulation by the specific phase theta (x y) currently recorded on the eel by 
changing, and it is phase thetaout. It means changing. 

[0044] The one approach of modulating the amplitude in a three-dimensions eel is an approach of " 
preparing the amplitude modulation section which had the permeability according to the specific 
amplitude in the eel (the whole eel may be used as the amplitude modulation section, and you may 
make it prepare the amplitude modulation section in a part of eel). For example, the eel in which 
permeability had the amplitude modulation section which is Z % functions as a eel on which the 
specific amplitude which becomes A(x y) =Z/100 is recorded, and when incident light with the 
amplitude Ain passes along this eel, amplitude modulation will be carried out to injection light with the 
amplitude which becomes Aout =Ain-Z/100. In order to set the permeability of each three-dimensions 
eel as any value, it can respond by changing the content of a coloring agent, respectively. 
[0045] The another approach of modulating the amplitude in a three-dimensions eel is an approach of 
preparing the amplitude modulation section which had a reflection factor according to the specific 
amplitude in the cel. For example, the eel in which the reflection factor had the amplitude modulation 
section which is Z % functions as a eel on which the specific amplitude which becomes A(x y) =Z/100 
is recorded, and if incident light with the amplitude Ain reflected and injected in this amplitude 
modulation section, amplitude modulation will be carried out to injection light with the amplitude 
which becomes Aout =Ain-Z/100. What is necessary is to prepare the reflector in the eel (for this 
reflector to function as the amplitude modulation section), and just to set the reflection factor of this 
reflector as any value, in order to set the reflection factor of each three-dimensions eel as any value. 
Since the rate of the reflected light and the scattered light can specifically be adjusted by changing the 
surface roughness of a reflector, it becomes possible by adjusting this surface roughness to prepare a 
eel with the reflection factor of arbitration. 

[0046] The still more nearly another approach of modulating the amplitude in a three-dimensions eel is 
an approach of preparing the amplitude modulation section which had the effective area according to 
the specific amplitude in the cel. For example, the eel with the amplitude modulation section which 
consists of structure with which a injection light effective in playback of a body image is obtain only 
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from the incident light which carried out incidence to the part with Z% of effective area of these when 
area of all the incidence fields of incident light was made into 100% functions as a eel on which the 
specific amplitude which becomes A(x y) =Z / 100 is record. That is, since only Z% of light of them 
will go away as an effective injection light even if incident light with the amplitude Ain carries out 
incident light to this amplitude modulation section, it means that amplitude modulation was carried out 
to injection light with the amplitude which becomes Aout =Ain-Z/100. What is necessary is just to use 
a eel with physical concavo-convex structure, in order to obtain an effective injection light only from a 
field part with such a specific effective area. The example is explained in Section3. 
[0047] On the other hand, the one approach of modulating a phase in a three-dimensions eel is an 
approach of preparing the phase modulation section which had a refractive index according to a 
specific phase in the eel (the whole eel may be used as the phase modulation section, and you may 
make it prepare the phase modulation section in a part of eel). For example, in a eel with the phase 
modulation section which a refractive index becomes from the ingredient of nl, and a eel with the 
phase modulation section which a refractive index becomes from the ingredient of n2, even if it gives 
incident light with the same phase, a difference will arise in the phase of injection light, respectively. 
Therefore, if a eel is constituted from various ingredients with which refractive indexes differ, it will 
become possible to perform the phase modulation of arbitration to incident light. 
[0048] The another approach of modulating a phase in a three-dimensions eel is an approach of 
preparing the phase modulation section which had the optical path length according to a specific phase 
in the eel (the whole eel may be used as the phase modulation section, and you may make it prepare 
the phase modulation section in a part of eel). For example, if the optical path lengths of this phase 
modulation section differ even if it is a eel with the phase modulation section which consists of the 
same ingredient with a refractive index n, even if it gives incident light with the same phase, a 
difference will arise in the phase of injection light, respectively. For example, supposing the optical 
path length of the phase modulation section by whom the optical path length of the phase modulation 
section prepared in the 1st eel was prepared in L and the 2nd eel is 2L Even if incident light with the 
same phase is given, since the distance which progressed the inside of the ingredient in which the 
injection light from the 2nd eel had a refractive index n compared with the injection light from the 1 st 
eel doubles, so big phase contrast will have arisen. What is necessary is just to use a eel with physical 
concavo-convex structure, in order to realize the phase modulation section with the optical path length 
of arbitration. The example is explained in Section3. 

[0049] Thus, a three-dimensions eel with the amplitude modulation function based on the specific 
amplitude and the three-dimensions eel with the phase modulation function based on a specific phase 
can be realized by some approaches, and the optical element concerning this invention can be realized 
by choosing the approach of arbitration from from among some amplitude modulation approaches 
mentioned above and the phase modulation approach. The.approach of preparing the amplitude 
modulation section which had the permeability according to the specific amplitude in the eel as the 
amplitude modulation approach is taken. For example, as the phase modulation approach If the 
approach of preparing the phase modulation section with the refractive index according to a specific 
phase is taken and the whole eel is used as the amplitude modulation section and the phase modulation 
section into a eel, an optical element can be formed by arranging selectively 16 kinds of physical eels 
as shown in the table of drawing 7 . The axis of abscissa of this table supports to the amplitude A, the 
axis of ordinate supports the phase theta, and the amplitude A and a phase theta are divided into four 
range. 

[0050] The eel (eel of eye the 1st train of a table) in which the amplitude A was drawn on a range 
corresponding to "0 - 25%" here Are the eel which permeability becomes from a very low ingredient, 
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and the amplitude A the eel (eel of eye the 2nd train of a table) drawn on a range corresponding to "25 
- 50%" Are the eel which transmission becomes from a little low ingredient, and the amplitude A the 
eel (eel of eye the 3rd train of a table) drawn on a range corresponding to "50 - 75%" It is the eel which 
permeability becomes from a little high ingredient, and the eel (eel of eye the 4th train of a table) 
drawn on a range corresponding to "75 - 100%" in the amplitude A is a eel which permeability 
becomes from a very high ingredient. On the other hand, the eel (eel of the 1st line of a table) in which 
the phase theta was drawn on a range corresponding to "0 - pi/2" Are the eel which consists of an 
ingredient with the refractive index nl very near air, and the eel (eel of the 2nd line of a table) in which 
the phase theta was drawn on a range corresponding to "pi/2-pi" Are the eel which consists of an 
ingredient with a little larger refractive index n2 than air, and the eel (eel of the 3rd line of a table) in 
which the phase theta was drawn on a range corresponding to "pi-3pi / 2" It is the eel which consists of 
an ingredient with the quite larger refractive index n3 than air, and the eel (eel of the 4th line of a table) 
in which the phase theta was drawn on a range corresponding to 3pi / "2-2pi" is a eel which consists of 
an ingredient with the very larger refractive index n4 than air. 

[0051] Thus, what is necessary is to set up the step of permeability and a refractive index still more 
finely, and just to prepare the eel of an a large number class more, in order to record the amplitude and 
a phase on a eel in a higher precision although a total of 16 eels with four kinds of permeability and 
four kinds of refractive indexes are prepared in the example shown in drawing 7 . What is necessary is 
just to choose the physical eel which has an optical property nearest to the optical property needed in 
order to perform the modulation by the specific amplitude and the specific phase which were defined 
as each virtual eel, in order to replace a virtual eel using 16 kinds of such physical eels. 
[0052] **3. practical **** of a physical eel - as already stated, as long as the physical eel used for this 
invention is a eel with the function which modulates incident light according to the specific amplitude 
and a specific phase, it may be realized with what kind of configuration. The example which controls 
the modulation according to the specific amplitude by permeability, and controls the modulation 
according to a specific phase by the refractive index is shown in drawing 7 . Thus, if it takes into 
consideration mass-producing them industrially theoretically although many kinds of approaches of 
modulating the amplitude and a phase exist, it can not necessarily be said that no approaches are 
practical. In order to reproduce a body image with a certain amount of resolution using the optical 
element concerning this invention, the dimension of each three-dimensions eel must be restricted to 
some extent to below (if a eel dimension is set to 100 micrometers or more, playback of a body image 
with sufficient visibility is roughly difficult for a word). Therefore, when creating an optical element 
combining 16 kinds of physical eels shown in drawing 7 , the activity which arranges a minute eel two- 
dimensional as components is needed, and it is necessary to arrange the specific eel of 16 kinds of eels 
in a specific location moreover. Considering such an activity, it turns out that the approach of 
constituting an optical element using a physical eel as shown in drawing 7 is not suitable for industrial 
mass production. 

[0053] An invention-in-this-application person can give the information on the amplitude and a phase 
to one physical cel. By and the set of such a physical eel The approach of giving concavo-convex 
structure to each physical eel as an approach of constituting the optical element suitable for industrial 
mass production, recording the information on the amplitude as an area for this concavo-convex 
structured division, and recording the information on a phase as level difference length for the 
concavo-convex structured division (depth of a crevice or height of heights) was thought out. 
[0054] It is the perspective view showing an example of the structure of the physical eel C (x y) 
considered that drawing 8 is the the best for using for this invention. As the graphic display, this three- 
dimensions physics eel is carrying out the letter of a block of a rectangular parallelepiped mostly, and 
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Slot G (x y) is formed in that top face. In this example, the dimensions of the physical eel C (x y) are 
1= 0.6 micrometers of C, 2= 0.25 micrometers of C, and 3= 0.25 micrometers of C in drawing, and the 
dimensions of Slot G (x y) are Gl=0.2micrometer, G2=0.05micrometer, and 3= 0.25 micrometers of 
G3=C. If the physical eel C with such structure (x y) is used, the information on the amplitude can be 
recorded as a value of the width of face Gl of the longitudinal direction of Slot G (x y), and the 
information on a phase can be recorded as a value of the depth G2 of Slot G (x y). If another word is 
carried out, in case the virtual eel by which the specific amplitude and a specific phase were defined 
will be replaced in a physical eel with such structure, the replacement by the physical eel which has the 
dimension Gl according to the specific amplitude, and has the dimension G2 according to a specific 
phase will be performed. 

[0055] In the physical eel shown in this drawing 8 , 1 will explain the reason which is recorded as width 
of face Gl of information fang furrow G (x y) of the amplitude, and is recorded as the depth G2 of 
information fang furrow G (x y) of a phase with reference to the front view of drawing 9 . Now, it shall 
consist of matter in which this physical eel G (x y) had a refractive index n2, and shall consist of matter 
(for example, air) in which the outside of this physical eel C (x y) had a refractive index nl. The light 
LI which carried out incidence at right angles to the field SI inside Slot G (x y) at this time, When the 
optical path length who passes through the inside of the medium of a refractive index n2 is compared 
about the light L2 which carried out incidence at right angles to the field S2 of the exterior of Slot G (x 
y), it turns out that the optical path lengths of light LI become short rather than the optical path length 
of light L2 only in the part of the depth G2 of Slot G (x y). Therefore, if refractive indexes nl and n2 
differ, between the light LI and light L2 which are injected as the transmitted light, predetermined 
phase contrast will arise from the physical eel C (x y). 

[0056] On the other hand, drawing 10 is the front view showing the case where injection light is 
obtained as the reflected light from the physical eel C (x y). In this example, the top face SI and S2 of 
the physical eel C (x y), i.e., fields, is a reflector, and the light LI which carried out incidence almost at 
right angles to the field SI inside Slot G (x y), and the light L2 which carried out incidence almost at 
right angles to the field S2 of the exterior of Slot G (x y) will reflect almost at right angles to each field, 
respectively, and will inject. When all the optical path lengths in alignment with the path of incidence 
and an echo are compared at this time, only the part by which the optical path lengths of light LI 
correspond the twice of the depth G2 of Slot G (x y) rather than the optical path length of light L2 is 
known by becoming long. Therefore, between the light LI and light L2 which are injected as the 
reflected light, predetermined phase contrast will arise from the physical eel C (x y). 
[0057] Thus, even if the physical eel C (x y) is a eel of a transparency mold and it is the eel of a 
reflective mold Between the light LI which carried out incidence to the field SI inside Slot G (x y), 
and the light L2 which carried out incidence to the field S2 of the exterior of Slot G (x y), 
predetermined phase contrast will arise and this phase contrast will be decided according to the depth 
G2 of Slot G (x y). If only injection light then, obtained among the light which carried out incidence on 
the top face of the physical eel C (x y) based on the incident light to the field SI inside Slot G (x y) is 
made to deal with it as a injection light effective in playback of the body image 10 (if another word is 
carried out) If only light LI is dealt with as a injection light effective in playback of an image, it will 
mean that the injection light LI effective in playback of an image had received the phase modulation 
by the specific phase corresponding to the depth G2 of Slot G (x y) in this physical eel C (x y) in 
drawing 9 or drawing 10 . In this way, the information on the phase of body light is recordable as the 
depth G2 of Slot G(xy). 

[0058] Moreover, if only injection light obtained based on the incident light to the field SI inside Slot 
G (x y) is made to deal with it as a injection light effective in playback of the body image 10 as 
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mentioned above, the information on the amplitude of body light is recordable as width of face Gl of 
Slot G (x y). Because, the more the width of face Gl of Slot G (x y) becomes large, the more it is for 
the area of the field SI inside Slot G (x y) to also become large, and for its rate of a injection light 
effective in playback of the body image 10 to increase. That is, since the meaningful phase component 
is not contained in the injection light L2 shown in drawing 9 or drawing 10 at all, even if these 
injection light L2 is observed in a view location at the time of playback, it will only be observed as the 
so-called noise component of the background, and will not be recognized as an effective light which 
reproduces a meaningful image. On the other hand, since the meaningful phase component is contained 
in the injection light LI, it will be observed as a signal component effective in playback of an image. 
After all, the width of face Gl of Slot G (x y) will be called the element which determines the rate of 
the light LI observed as a signal component of the light injected from the physical eel C concerned (x 
y), and becomes the parameter which gives the information on the amplitude of a signal wave. 
[0059] But generally, the information on the amplitude is not necessarily expressed by the width of 
face Gl of Slot G (x y), and will be expressed by the area of the field SI inside Slot G (x y). Although 
the area of the field SI inside Slot G (x y) is proportional to the die length of width of face Gl since in 
the case of the operation gestalt shown in drawing 8 depth dimension G3 of Slot G (x y) has set up by 
chance so that it may become always equal to the depth dimension C3 of the physical eel C (x y) It is 
not necessary to necessarily make regularity depth dimension G3 of Slot G (x y), it changes both width 
method and depth dimension, and you may make it give a variation to the area of the field SI inside 
Slot G (x y). 

[0060] Thus, when only the depth (depth equivalent to the dimension G2 of drawing 8 ) according to a 
specific phase investigates the part (part equivalent to the field SI of drawing 8) which had the area 
according to the specific amplitude among the top faces of the physical eel of the letter of a block If a 
crevice (slot G (x y)) is formed, a physical eel with such structure will enable it to perform the 
amplitude modulation according to the specific amplitude, and the phase modulation according to a 
specific phase to the illumination light for playback. But even if it forms heights instead of forming a 
crevice in the physical eel of the letter of a block, the same modulation processing is possible. That is, 
in the physical block shown in drawing 8 , even if it sets a dimension G2 as a negative value and forms 
a height instead of a slot, the optical path difference according to the height of this height can be 
produced, and phase contrast can be produced. If heights are formed when only the height according to 
a specific phase will upheave the part which had the area according to the specific amplitude among 
the top faces of the physical eel of the letter of a block, if another word is carried out, a physical eel 
with such structure will also enable it to perform the amplitude modulation according to the specific 
amplitude, and the phase modulation according to a specific phase to the illumination light for 
playback. 

[0061] Since the width of face Gl and the depth G2 of a slot can be continuously changed in the 
physical eel C (x y) with the slot G (x y) as shown in drawing 8 , theoretically, it is possible to prepare 
the physical eel of an infinity class. If the physical eel of such an infinity class is used, it is possible to 
replace the virtual eel concerned by the physical eel which had the exact flute width Gl according to 
the specific amplitude defined as the virtual eel, and had the exact depth G2 according to a specific 
phase. However, practically, a kinds of flute widths and b kinds of depth are defined beforehand, a 
total of axb kinds of physical eels are prepared, and it is desirable that the optical property needed out 
of these physical eels chooses the nearest physical cel. Drawing 1 1 is the perspective view showing the 
example which defined seven kinds of flute widths, and four kinds of depths, and prepared a total of 28 
kinds of physical eels. 28 kinds of these physical eels [ each of] is physical eels of the letter of a block 
which carried out the gestalt shown in drawing 8 , and the condition of having arranged these physical 
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eels in the shape of [ of four line seven trains ] a matrix is shown in drawing 1 1 . 
[0062] Seven trains of the matrix shown in this drawing 1 1 show the variation of the amplitude A, and 
four lines show the variation of a phase theta. For example, the eel located in a train Wl is a eel 
corresponding to the minimum value of the amplitude A, and has become flute width G1=0, i.e., the 
eel in which Slot G is not formed at all. It is a eel corresponding to the bigger amplitude A, and the 
flute width Gl has spread gradually as it moves to trains W2-W7 to right-hand side. The eel located in 
a train W7 is a eel corresponding to the maximum of the amplitude A, and has become the flute width 
Gl= cell size CI, i.e., the eel in which the whole surface was dug. Moreover, if its attention is paid to 
the line of the matrix shown in this drawing 1 1 , the eel located in a line VI is a eel corresponding to 
the minimum value of a phase theta, and has become tooth depth G2=0, i.e., the eel in which Slot G is 
not formed at all, for example. It is a eel corresponding to the bigger phase theta, and the tooth depth 
G2 is large gradually as it moves to lines V2-V4 with the down side. 

[0063] **4. the creation approach of the optical element using a practical physical eel -- here, describe 
the concrete approach of creating the optical element (hologram record medium) on which the body 
image 10 was recorded using 28 kinds of physical eels as shown in drawing 1 1 . First, using a 
computer, as shown in drawing 5 , the three-dimensions virtual eel set 30 is defined as the body image 
10 which consists of a set of the point light source. Here, each virtual eel which constitutes the three- 
dimensions virtual eel set 30 is a eel (at this event, the slot is not formed yet) of the letter of a block as 
shown in drawing 8 , and forms the three-dimensions virtual eel set 30 by carrying out the two- 
dimensional array of this eel in pitches [ every direction ]. The dimension of one virtual eel can arrange 
[ the pitch of the longitudinal direction of a eel ] 0.25 micrometers, then a eel for the pitch of 0.6 
micrometers and a lengthwise direction without a clearance in this case that what is necessary is to just 
be referred to as 1= 0.6 micrometers of C, 2= 0.25 micrometers of C, and about 3= 0.25 micrometers 
of C. Of course, the dimension value of each eel introduced here is an example, and can be actually set 
as the dimension of arbitration if needed. However, the more a eel dimension becomes large, the angle 
of visibility from which an objective reconstruction image is acquired becomes narrow, and, the more 
objective resolution will also fall. On the contrary, as a eel dimension becomes small, processing for 
forming the concavo-convex structure of a physical eel becomes more difficult technically. In addition, 
although it is not necessary to necessarily perform eel arrangement in a ** pitch, when the facilities of 
processing of data processing and a physical eel are taken into consideration, it is desirable to arrange a 
eel in pitches, such as predetermined, length and horizontally, respectively. 

[0064] In this way, if the definition of the body image 10 and the three-dimensions virtual eel set 30 is 
completed, a representation point is defined in each virtual eel, as Section2 described, the complex 
amplitude of the synthetic wave of each body light which arrived at each representation point location 
will be calculated, and the specific amplitude and a specific phase will be defined about each virtual 
cel. Then, it transposes to either of 28 kinds of physical eels which show each virtual eel to drawing 1 1 
(the optical property needed in order to perform the modulation according to the specific amplitude 
and the specific phase which are defined as each virtual eel transposes to the nearest physical eel), and 
the optical element as a set of a physical eel is created. It is made for the slot forming face (for it to be 
a top face in the case of the physical eel shown in drawing 8 or drawing 1 1 ) of each physical eel to 
turn to the front-face (field which faced body image 10) side of the three-dimensions virtual eel set 30 
shown in drawing 5 at this time. 

[0065] But the activity which transposes a virtual eel to a physical eel is actually done as processing 
which forms concavo-convex predetermined structure in the medium front face which should serve as 
an optical element. Since a physical eel will be arranged so that a slot may turn to a front-face side in 
case each virtual eel of the three-dimensions virtual eel set 30 shown in drawing 5 is transposed to a 
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physical eel, as mentioned above, the optical element created eventually serves as a medium by which 
the concavo-convex structure which consists of many slots was formed in the front face. Therefore, 
from the computer which has memorized the information on each virtual eel (information which shows 
the specific amplitude and the specific phase which were defined as each virtual eel), the activity 
which transposes a virtual eel to a physical eel will give the data about a concavo-convex pattern to 
drawing equipment, and will be performed as processing which draws a concavo-convex pattern on a 
physical medium front face with this drawing equipment. Processing which draws a detailed concavo- 
convex pattern can be performed using the patterning technique which used for example, electron- ' 
beam-lithography equipment etc. Moreover, what is necessary is to create the original edition with 
which desired concavo-convex structure was formed by drawing processing which used electron- 
beam-lithography equipment etc., and just to imprint concavo-convex structure on many media 
according to the stamp process using this original edition, in mass-producing the same optical element. 
[0066] In addition, although the optical element concerning this invention is constituted by the body 
layer obtained by arranging a physical eel as shown in drawing 8 two-dimensional, you may make it 
form a protective layer in the front face of this body layer fundamentally if needed. This protective 
layer achieves a wrap duty for the concavo-convex field formed in the front face of a body layer. A 
body layer and a protective layer consist of mutually different construction material. 
[0067] In the case of the optical element of a transparency mold with which the incident light given to 
each physical eel turns into injection light by passing a body layer and a protective layer, a body layer 
and a protective layer need to consist of translucency ingredients with a mutually different refractive 
index. Here, the concrete relation between the depth of the slot G in the case of creating the optical 
element (physical eel of a transparency mold) of the transparency mold which consists of the two-layer 
structure of such a body layer and a protective layer, and a phase is considered. 
[0068] Now, the case of the transparency mold eel C with structure as shown in the sectional view of 
the upper case of drawing 12 (x y) is considered. This eel is the protective layer Cb formed in them as 
filled Slot G on the body layer calcium in which the slot G of depth d (x y) is formed, and its top face, 
and a eel with the two-layer structure of **. the refractive index of the ingredient which sets to nl the 
refractive index (refractive index of the matter which constitutes the matter or heights with which the 
crevice was filled up if another word is carried out) of the ingredient which forms a protective layer Cb 
here, and forms the body layer calcium - n2 — then Maximum depth (maximum depth [ of a crevice ], 
or maximum height of heights) dmax of Slot G If it is set as dmax =lambda/|nl-n2|, the physical eel 
which can perform the phase modulation of within the limits to 0-2pi is realizable to the light of 
wavelength lambda. For example, it considers as the wavelength of lambda= 400nm, and if it was 
difference |nl-n2|=2 of a refractive index, what is necessary will be just to set it as dmax =200nm (0.2 
micrometers). 

[0069] In this case, depth d (x y) according to the specific phase theta (x y) it is shown in drawing 12 - 
as - the case of nl>n2 - d(x y) = lambda-theta (x y) / 2(nl-n2) pi - a formula - it can be found - nl - 
- < - the case of n2 - d(x y) =dmax-lambda-theta (x y) / 2(n2-nl) pi - it can be found by the formula. 
Therefore, if the specific amplitude about one certain virtual eel C (x y) and a specific phase can be 
found with A (x y) and theta (x y), respectively, the specific phase theta (x y) will be substituted for an 
above-mentioned formula. Out of 28 kinds of physical eels which ask for corresponding depth d (x y) 
by count, and are shown in drawing 1111 What is necessary is just to do the activity replaced with the 
physical eel which chose the physical eel which has the depth nearest to depth d (x y) for which it 
asked by count, and has the breadth nearest to the dimension according to the specific amplitude A (x 
y), and chose the virtual eel C concerned (x y). In addition, what is necessary is just to use the 
refractive index (about 1) of air as a refractive index nl of a protective layer, when a protective layer 
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Cb is not formed. 

[0070] I will consider the case of the reflective mold eel C (x y) which, on the other hand, had structure 
as shown in the sectional view of the upper case of drawing 13 . Although this eel is a eel with the two- 
layer structure of body layer Calpha in which the slot G of depth d (x y) is formed, protective layer 
Cbeta formed in it as filled Slot G on that top face, and ** It will reflect in this reflector and the 
incident light by which the boundary of body layer Calpha and protective layer Cbeta serves as a 
reflector, it went caudad from the upper part of drawing, and close came to protective layer Cbeta will 
be injected towards the upper part of drawing, the refractive index (refractive index of the matter which 
constitutes the matter or heights with which the crevice was filled up if another word is carried out) of 
the ingredient which forms protective layer Cbeta here — n — then Maximum depth (maximum depth 
[ of a crevice ], or maximum height of heights) dmax of Slot G If it is set as dmax =lambda / 2n, the 
physical eel which can perform the phase modulation of within the limits to 0-2pi is realizable to the 
light of wavelength lambda. For example, it considers as the wavelength of lambda= 400nm, and if it 
was a refractive index n= 2, what is necessary will be just to set it as dmax=100nm (0.1 micrometers). 
[0071] In this case, depth d (x y) according to the specific phase theta (x y) can be found by the 
formula 4npi [ d(x y) = lambda-theta (x y) / ] Becoming, as shown in drawing 1 3 . Since what is 
necessary is just to use the refractive index (about 1) of air as a refractive index n of a protective layer 
when protective layer Cbeta is not prepared, it sets up with maximum depth:dmax =lambda/2 of Slot G, 
and depth d (x y) according to the specific phase theta (x y) should just be taken as d(x y) =lambda- 
theta(x y) /4pi. 

[0072] **5. the modification in consideration of the facilities of a playback environment ~ here, apply 
the illumination light for playback to the optical element created by the approach described so far, and 
consider the environment which reproduces the body image 10 currently recorded as a hologram. 
Drawing 1414 is a side elevation showing relation with View E with the optical element 40 (hologram 
record medium using a physical eel) in the case of performing such playback, and the illumination 
light Lt or Lr for playback. In the transparency mold type case using a transparency mold eel, an 
optical element 40 The passage of a graphic display, Will irradiate the illumination light Lt for 
playback with View E in the field of an opposite hand, and the light which has penetrated the optical 
element 40 will be observed in View E. In the reflective mold type case using a reflective mold eel, as 
a graphic display, an optical element 40 will irradiate the illumination light Lr for playback in the field 
of the same side as View E, and will observe the light reflected from the optical element 40 in View E. 
Anyway, when an optical element 40 is created by the approach described so far As the illumination 
light Lt or Lr for playback is given as a plane wave of the homogeneous light and it is shown in 
drawing 14 The illumination light Lt or Lr for playback is irradiated [ of the recording surface (two- 
dimensional-array side where the physical eel is arranged) of an optical element 40 ] from a normal (if 
another word is carried out). When the illumination light for playback is irradiated so that a wave front 
may become in parallel with the recording surface of an optical element 40, and an image is observed 
[ of a recording surface ] from a normal, the best reconstruction image will be acquired. 
[0073] However, the actual playback environment of an optical element 40 where the body image 10 is 
recorded as a hologram does not necessarily turn into an ideal environment as shown in drawing 14 . 
Since a watcher's head is especially located in the location of View E in a reflective mold type case, 
even if it irradiates the illumination light Lr for playback from the direction shown in drawing 14 , a 
watcher's shadow is made at an optical element 40, and good playback cannot be performed. Therefore, 
as the illumination light Lt for playback or Lr is irradiated from across to the recording surface of an 
optical element 40 as a actual playback environment is shown in drawing 15 , and it is shown in 
drawing 16 whether a reconstruction image is observed in the view E located in the direction of a 
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normal [ whether a reconstruction image is observed in the view E which irradiates / of the recording 
surface of an optical element 40 / the illumination light Lt for playback, or Lr from a normal, and is 
located in the direction of slant, and ] Or also as for the direction of radiation of the illumination light 
Lt and Lr for playback, it is common that each observation direction from View E also becomes the 
format of setting up in the direction of slant. 

[0074] In such a actual playback environment, in order to create the optical element 40 from which a 
good reconstruction image is acquired, in consideration of the sense of the illumination light irradiated 
at the time of playback, and the view location at the time of playback, what is necessary is just made to 
perform phase correction processing which adds correction to the specific phase by which each virtual 
eel was defined. 

[0075] For example, as shown in drawing 17 , the illumination light L1-L4 for playback is irradiated 
from across, and I will consider the case where the modulation of the amplitude and a phase is 
observed in the view E located in the direction of a normal in the carrier beam light LL1-LL4 ( light 
reproducing the wave front of the body light from the body image 10), by penetrating an optical 
element 40. Supposing the illumination light L1-L4 for playback presupposes that it is a monochrome 
plane wave with wavelength lambda and irradiates such illumination light for playback from across at 
an optical element 40, when each point P1-P4 on an optical element 40 will be reached, the optical 
path difference has already arisen and the incident light in each point P1-P4 itself will already have 
produced phase contrast. For example, since the optical path length is long compared with the incident 
light to the location of a point PI only in d2, d3, and d4, as for the incident light to the location of 
points P2, P3, and P4, only the part of this optical path difference will already have produced [ the 
incident light itself] phase contrast. Then, what is necessary is just to perform processing which 
corrects each [ these ] specific phase according to a eel location, after asking for a specific phase by the 
approach which described each virtual eel until now, if it is the premise of "creating the optical element 
40 from which a good reconstruction image is acquired in a playback environment as shown in this 
drawing 17 For example, about the eel which is in the location of a point P2 about the eel in the 
location of the point PI of drawing 17 although it is correction needlessness, correction will be added 
to a specific phase so that the phase contrast produced according to the optical path difference d2 can 
be offset. Thus, if the correction to a specific phase is made and an optical element 40 is created, a 
good reconstruction image will be given by the light LL1-LL4 injected in the direction of View E. 
[0076] the correction processing to such a specific phase be the same also about the case where the 
modulation of an amplitude and a phase be observe in the view E locate in the direction of slant in the 
carrier beam light LL1-LL4 ( light reproducing the wave front of the body light from the body image 
10), by irradiate the illumination light L1-L4 for playback from a normal, and penetrate an optical 
element 40, as show in drawing 1 8 . That is, supposing the illumination light L1-L4 for playback 
presupposes that it is a monochrome plane wave with wavelength lambda and irradiates such 
illumination light for playback from a normal at an optical element 40, when each point P1-P4 on an 
optical element 40 will be reached, the optical path difference was not produced at all, but the phase of 
the incident light in each point P1-P4 has gathered. However, in the optical path length until the 
injection light emitted from the location of each point P1-P4 arrives at View E, the difference has 
arisen, respectively, and when it observes in View E, phase contrast will arise. For example, since the 
optical path length is long compared with the injection light from the location of a point PI only in d2, 
d3, and d4, as for the injection light from the location of points P2, P3, and P4, phase contrast will 
produce only the part of this optical path difference in the location of View E. Then, what is necessary 
is just to perform processing which corrects each [ these ] specific phase according to a eel location, 
after asking for a specific phase by the approach which described each virtual eel until now, if it is the 
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premise of "creating the optical element 40 from which a good reconstruction image is acquired in a 
playback environment as shown in this drawing 1 8 For example, about the eel which is in the 
location of a point P2 about the eel in the location of the point PI of drawing 18 although it is 
correction needlessness, correction will be added to a specific phase so that the phase contrast 
produced according to the optical path difference d2 can be offset. Thus, if the correction to a specific 
phase is made and an optical element 40 is created, a good reconstruction image will be given by the 
light LL1 -LL4 injected in the direction of View E. 

[0077] As mentioned above, although the correction processing to a specific phase was explained 
about the optical element 40 of a transparency mold, even if it is the optical element 40 of a reflective 
mold, the principle of the correction processing is completely the same. 

[0078] On the other hand, if the wavelength of the illumination light for playback is examined, in a 
actual playback environment, you may think that the cases where the homogeneous light of 
wavelength lambda can be used as illumination light for playback are very rare, and are common. [ of 
the case where playback is usually performed under the near illumination light for playback white ] 
Thus, since a different phase modulation for every light of each wavelength will be performed when it 
reproduces using the illumination light for playback containing two or more wavelength components, a 
good reconstruction image is no longer acquired. A reconstruction image with which an image with 
various colors shifts little by little, and specifically lapped will be observed. 
[0079] So, in order to acquire a to some extent good reconstruction image also in the playback 
environment using the white illumination light for playback, in case complex amplitude distribution of 
body light is calculated, what is necessary is just made to perform a device as shown in drawing 19 R> 
9. The system shown in this drawing 19 R> 9 is for performing the operation which searches for 
distribution of the sum total complex amplitude of each body light which defines the body image 10 
and the three-dimensions virtual eel set 30 on a computer, and is emitted from the body image 10 like 
the system shown in drawing 5 on the three-dimensions virtual eel set 30. Here, the three-dimensions 
virtual eel sets 30 are horizontal and a eel set which consists of a virtual eel which was constituted by 
arranging perpendicularly and was arranged on the 2-dimensional matrix about a virtual cel. The 
representation point is defined as each virtual eel, respectively. 

[0080] When using the technique described here, count of the sum total complex amplitude in each 
representation point location is performed by the following approaches. First, each defines horizontally 
elongation and the point light source train of two or moreM individuals arranged perpendicularly 
mutually on the body image 10. Three point light source trains ml, m2, and m3 are defined as M= 3 by 
the example of a graphic display. Two or more point light sources horizontally located in a line, 
respectively are included in each point light source train. For example, the j point light sources O (1 m 
1), O (1 m 2), --, O (ml, j) are included in the point light source train ml. A total of M groups are 
defined by making into one group the virtual eel group which belongs to the multi-line which adjoins 
perpendicularly in a 2-dimensional matrix in the three-dimensions virtual eel set 30 side on the other 
hand. A total of three groups are defined as M= 3 by the example of a graphic display. That is, the 1st 
group gl consists of a virtual eel group which belongs to - of 1st line the 3rd line, the 2nd group g2 
consists of a virtual eel group which belongs to - of 4th line the 6th line, and the 3rd group g3 consists 
of a virtual eel group which belongs to - of 7th line the 9th line. 

[0081] Thus, when defining M point light source trains as the body image 10 side and defining M 
groups as the three-dimensions virtual eel set 30 side, M point light source trains and M groups are 
made to correspond according to the order of arrangement about a perpendicular direction. That is, 
make the top point light source train ml correspond to the top group gl, the central point light source 
train m2 is made to correspond to the central group g2, and the bottom point light source train m3 is 
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made to correspond to the bottom group g3 in the case of the example of a graphic display. And the 
body light emitted from the point light source within the m-th point light source train (m=l-M) 
calculates sum total complex amplitude in each representation point location as what reaches only the 
virtual eel which belongs to the m-th group. For example, the body light emitted from the point light 
sources 0(lml),0(lm2), -,0 (ml, j) which belong to the point light source train ml in drawing 
19 In the virtual eel which shall reach only the virtual eel (virtual eel arranged by - of 1st line the 3rd 
line) which belongs to a group gl, and belongs to a group g2 or g3, it is made to calculate sum total 
complex amplitude as what not reaching. If it puts in another way, only in consideration of the body 
light by which count of the sum total complex amplitude in the representation point location of the 
virtual eel which belongs to a group gl was emitted from the point light sources O (1 m 1), O (1 m 2), 
~, O (ml, j) which belong to the point light source train ml, the body light emitted from the point light 
source which belongs to the point light source trains m2 and m3 will be taken into consideration. 
[0082] If the body image 10 is recorded on such conditions in fact, record as an original hologram will 
no longer be performed. First of all, the basic principle of a hologram is to record all the information 
on the body image 10 on every location of a recording surface, and playback of a stereoscopic model is 
performed by performing such record. If the body image 10 is recorded on the conditions mentioned 
above, since only the information on the part (namely, a part of upper part of the body image 10) of the 
point light source train ml will be recorded on a group's gl field, the solid reconstruction image as an 
original hologram is no longer acquired. Although the stereoscopic vision specifically related 
horizontally becomes possible, the stereoscopic vision about a perpendicular direction becomes 
imperfection. However, if the body image 10 is recorded on such conditions, in the playback 
environment using the white illumination light for playback, a better reconstruction image (although 
the stereoscopic vision about a perpendicular direction is inadequate, it is a clearer reconstruction 
image) will come to be acquired. This is because the effectiveness which controls the wavelength 
dispersion of the playback light about the perpendicular direction at the time of playback is acquired by 
having divided and recorded the body image 10 for every part about the perpendicular direction. 
[0083] As mentioned above, although explained based on some operation gestalten illustrating this 
invention, this invention is not limited to these operation gestalten, and can be carried out with various 
gestalten. For example, although the above-mentioned operation gestalt defines the three-dimensions 
virtual eel set 30 by arranging each three-dimensions eel in the shape of a 2-dimensional matrix, as 
shown in drawing 20 , it is also possible by preparing a horizontally long and slender three-dimensions 
eel, and arranging such a three-dimensions eel in the shape of a single dimension matrix to define the 
three-dimensions virtual eel set 30. In the example shown in drawing 20 , the three-dimensions virtual 
eel set 30 is formed by arranging the horizontally long and slender eels C (1), C (2), and C (3) and — 
perpendicularly. Thus, although only the reconstruction image in which only the stereoscopic vision 
about a perpendicular direction is possible will be acquired when the body image 10 is recorded on the 
optical element which consists of a eel arranged in the shape of a single dimension matrix, there is 
utility value of enough depending on an application. 

[0084] The optical element concerning this invention of the ability to use for the application as a 
"hologram record medium" of recording a certain body image 10 as a hologram, and reproducing this 
as a stereoscopic model is natural. However, this invention is not necessarily limited to the application 
as such a hologram record medium, and also when manufacturing general optical elements, such as a 
light filter, a polarizing element, and a light modulation element, it can be used. For example, if 
complex amplitude distribution of the body light emitted from this pattern is recorded on a physical 
medium as a body image 10 using the pattern of a simple grid pattern, an optical element with a 1 
characteristic optical operation is realizable. 
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[0085] Moreover, it is also possible to make it the array which did not necessarily have to carry out 
arrangement of a three-dimensions eel to the array in alignment with a rectangular coordinate system, 
for example, met the spherical surface using the spherical coordinate system. Furthermore, although 
each three-dimensions physics eel used with the operation gestalt mentioned above was a eel as a 
passive element, the active component which can control a refractive index, permeability, a reflection 
factor, etc. based on the signal from the outside may constitute the physical eel used for this invention. 
For example, birefringence matter, such as liquid crystal, constitutes each physical eel, and if it enables 
it to control the rate of Tsunemitsu and abnormality light by the external signal, based on the signal 
given from the outside, the specific amplitude and the specific phase which each physical eel has can 
be determined. In the optical element using such an active component as a physical eel, since the 
recorded image is not necessarily being fixed physically, the body image of arbitration can be 
reproduced according to the signal from the outside. 
[0086] 

[Effect of the Invention] Since a body image is recorded not as an interference fringe but as complex 
amplitude distribution of body light as above according to this invention, high diffraction efficiency is 
acquired at the time of playback. And since complex amplitude distribution is recorded using the 
optical property of a three-dimensions eel, it can offer the optical element excellent in productivity. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the perspective view showing the technique of the general holography which records 
a body image as an interference fringe optically using a reference beam. 

[Drawing 21 When the point light source O and a recording surface 20 are defined, it is the perspective 
view showing the amplitude and phase of the body light which reached the representation point P on a 
recording surface 20 (x y). 

[Drawing 3]T he body light ****(ed) from each point light source on the body image 10 is the 
perspective view showing the complex amplitude of the body light in the location of the representation 
point P (x y) at the time of reaching the representation point P on a recording surface 20 (x y). 
[Drawing 41 It is drawing showing that the amplitude A (x y) and a phase theta (x y) can be found 
based on the complex amplitude shown with the coordinate point Q on a complex coordinate plane. 
[Drawing 51 It is the perspective view showing an example of the three-dimensions virtual eel set 30 
defined in order to record the body image 10. 

[Drawing 61 It is drawing showing the function of the amplitude modulation of the three-dimensions eel 
G (x y) used for this invention, and a phase modulation. 

[Drawing 71 It is drawing showing an example of 16 kinds of physical eels from which the permeability 
and refractive index which should serve as a component of the optical element concerning this 
invention differ. 

[Drawing 81 It is the perspective view showing an example of the structure of the physical eel C (x y) 
considered to be the the best for using for this invention. 

[Drawing 91 It is a front view explaining the reason which is recorded as width of face Gl of 
information fang furrow G (x y) of the amplitude when using the physical eel C (x y) shown in 
drawing 8 as a transparency mold eel, and is recorded as the depth G2 of information fang furrow G (x 
y) of a phase. 

[Drawing 10] It is a front view explaining the reason which is recorded as width of face Gl of 
information fang furrow G (x y) of the amplitude when using the physical eel C (x y) shown in 
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drawing 8 as a reflective mold eel, and is recorded as the depth G2 of information fang furrow G (x y) 
of a phase. 

[Drawing 111 In the structure of the physical eel C (x y) shown in drawing 8 , it is the perspective view 
showing the example which defined seven kinds of flute widths, and four kinds of depths, and prepared 
a total of 28 kinds of physical eels. 

[Drawing 12] It is drawing showing the relation between the refractive index of each part, and a tooth 
depth about the transparency mold eel C (x y). 

[Drawing 1 3] It is drawing showing the relation between the refractive index of each part, and a tooth 
depth about the reflective mold eel C (x y). 

[Drawing 141 It is the side elevation showing the fundamental gestalt which observes from a normal the 
body image which applies the illumination light for playback from a normal to the optical element 
concerning this invention, and is recorded as a hologram. 

[Drawing 151 It is the side elevation showing the gestalt which observes from a normal the body image 
which applies the illumination light for playback from across to the optical element concerning this 
invention, and is recorded as a hologram. 

[Drawing 161 It is the side elevation showing the gestalt which observes from across the body image 
which applies the illumination light for playback from a normal to the optical element concerning this 
invention, and is recorded as a hologram. 

[Drawing 171 I n order to create the optical element corresponding to the playback environment shown 
in drawing 15 , it is the side elevation showing the principle which performs correction processing of a 
specific phase. 

[Drawing 181 In order to create the optical element corresponding to the playback environment shown 
in drawing 16 , it is the side elevation showing the principle which performs correction processing of a 
specific phase. 

[Drawing 191 It * s the perspective view showing the technique for creating the optical element 

corresponding to the playback environment using the white illumination light for playback. 

[Drawing 2 01 It is the perspective view showing the example which arranged the three-dimensions eel 

in the shape of a single dimension matrix, and constituted the three-dimensions virtual eel set 30. 

[Description of Notations] 

10 — Body image (body) 

20 ~ Recording surface (record medium) 

30 — Three-dimensions virtual eel set 

40 — Optical element 

A, Ak, A (x y) - Amplitude 

Ain — Amplitude of incident light 

Aout — Amplitude of injection light 

C (x y) — A virtual eel / physical eel 

C (1),.C (2), C (3) -- Long and slender eel 

CI, C2, C3 - Dimension of a eel 

calcium — Body layer 

Cb — Protective layer 

Calpha - Body layer 

Cbeta - Protective layer 

d (x y) » The depth of Slot G 

dmax The maximum depth of Slot G 

d2, d3, d4 — Optical path difference 
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E - View 

G, G (x y) ~ Slot formed in the eel 

Gl, G2, G3 — Dimension of a slot 

gl, g2, g3 - Group of a eel 

Ixy — Imaginary part of complex amplitude 

i - Imaginary unit 

Lin - Incident light 

Lout ~ Injection light 

Lt - Illumination light for playback about a transparency mold optical element 

Lr - Illumination light for playback about a reflective mold optical element 

L1-L4, LL1-LL4-- Light 

ml, m2, m3 — Point light source train 

n, nl-n4 - Refractive index 

O, O (1), O (k), O (k) Point light source 

O (1 m 1), O (ml, j) ~- The point light source on the point light source train ml 

P (x y), P (x 1 , y') - Representation point 

P1-P4 - Point on an optical element 

Q — Coordinate point 

R -- Reference beam 

Rxy — Real part of complex amplitude 

r, rl, rk, rK Distance from the point light source 

51 - Field inside Slot G (x y) 

52 - Field of the exterior of Slot G (x y) 
VI -V4 ~ Line according to a phase theta 
W1-W7 — Train according to the amplitude A 
theta, thetak, theta(x y) — phase 

thetain — Phase of incident light 
thetaout — Phase of injection light 
lambda ~ Wavelength of light 



[Translation done.] 
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